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Abstract: The total syntheses of epothilones A (1) and B (2) and several analogues thereof arc described. The 
reported strategy relies on a macrolactonization approach and features selective epoxidation of the macrocycle double 
bond in precursors 3 and 4 (Scheme 1). respectively, as well as high convergency and flexibility. Building blocks 
9—12 and 15 were constructed by asymmetric processes and coupled via Wittig. aldol. and raacrolact<Miization reactions 
to afford the basic skeleton of epothilones and that of several of their analogues by a relatively short route. The 
utilization of intermediate 14, obtained via a stereoselective Wittig reaction and its Enders coupling to SAMP hydr^izone 
13 (Scheme 8), in combination with a stereoselective aldol reaction with the modified substrate 69 (Scheme 10) 
improved the stereoselectivity and efficiency of the total synthesis of these new and highly potent microtubule binding 
antitumor agents. 



1. Introduction 

Epothilones A (1) and B (2) are two architecturally novel 
natural products recently isolated £rom the myxobacteria Sor- 
angium cellulosum strain 90*-^ and possess impressive micro- 
mbule binding^ affinities and antitumor properties. Their 
molecular structures have been secured by a combination of 
spectroscopic and X-ray ciystallographic techniques.'-^ Interest- 
ingly, and despite their structural difference from Taxol, the 
epothilones were found to bind to the same region on micro- 
tubules* and to displace Taxol from its biiKiing sitc.'-^ The 
higher potency of these new compounds, and their effectiveness 
against certain drug-resistant tumor cell lines,^-* generated a great 
deal of excitement among chemists,^ biologists, and clinicians. 
At least five total syntheses**" of epothilone A (1) have already 
been achieved. The two from these laboratories were based on 
an olefin metathesis approach* and a macrolactonization ap* 
proach-'^ The total synthesis of epothilone B (2) and its 

* Abstraa {mblisbed in Advance ACS Abstracts, August 1. 1997. 

(1) (a) HOfle, C; Bcdorf. N.; Gerth, K.; Rctcbcabach, R (GBF) DE- 
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£. J.: Bemnato, P.: Diniahefiky, S. J. J, Org. Chem. 1996. 6/, 7998- 
7999. (c) Bemnato. P.: Sorenaeo, E J.; Meng. O.: Danisbefsky. S. J. / 
Org. Chem. 1996. 6i, 8000-8001. (d) Schinxer. D.; Umberg. A.; Bdhm. 
O. M. Chem. Eur. J. 1996. 2, 1477-1482. (c) Mulzer. J.; ManiouUdis, A. 
Tetrahedron Lett. 1996, 37, 9179-9182. (f) Claus. E.: Pahl. A.; Jonea, P. 
G.; Meyer. R M.; Kalesae. M. Tetrahedron Lea. 1997, JS, 1359-1362. 

(g) Gabriel, T.; Wessjohann, L. Tetrahedron UtL 1997. ifi. 1363-1366. 
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analogues has also been reported fust by Danishcfslcy'- and the; 
by us'^ in prehminary communications. Here, we report th 
details of the total synthesis of both epothilones A (1) and I 
(2) and of a number of analogues of these compounds by on 
macrolactonization strategy.'^ 

2. RetrosyiiffiStizrTtlialysis 

Scheme 1 outlines the macrolactonizatioa-based retrosynthed* 
analysis of epothilones A (1) and B (2). Thus, retrosynihetit 
removal of the epoxide oxygen from 1 and 2 reveals th< 
corresponding Z-olefms, 3 and 4, as potential precursors 
respectively. The second major reirosynthetic step along thi: 
route is the discormection of the macrocyclic ring at the lactoni 
site, leading to hydroxy acids 5 and 6 as possible ke} 
intermediates. Moving further along the remDsynthetic path 
an aldol-type disconnection allows the generation of keto acic 
9 as a common intermediate and aldehydes 7 and 8 as reasonable 
building blocks for 5 and 6, respectively. Keto acid 9 can b< 
envisioned to arise from an asymmetric allylboradon*^ of the 
corresponding aldehyde, foUowed by appropriate elaboratior 
of the terminal olefin. The larger intermediates, 7 and 8, car 
be disconnected by two slighdy different ways. The firsi 

(8) (a) Balog. A.; Meng. D.; Kamenecka. T.: Bertinaio. P.: Su. D.-S. 
Sorenscn, E. J.; Danishefslcy. S. J. Angew. Chem., Inu Ed. Engl 1996. 35 
2801-2803. (b) Meng. D.: Su. D.-S.: Balog. A.; Beninato. P.; Sorenscn 

E. J.: I>anishe£sky. S.: Zheng. Y.-H.: Chou. T.^.; He. L.: Horwia, S. B. 
J. Am. Chem. Soc. 1997. 779, 2733-2734. 

(9) Yang. 2.: He. Y.: Vourloumis. D.; VaUbcrg, H.; Ntcolaou. K. C 
Angew. Chem,, Int. Ed, Engl 1997. 36, 166-168. 

(10) Nicolaou. K. C; Sarabia. F.; Ninkovic. S.: Yang. Z. Angew. Chem., 
Jnt, Ed Engl 1997. 36, 525-527. 

(11) Schinier. D.; Limberg, A.; Bauer. A.; Bdhm. O. M.: Cordes. M. 
Angew. Chem., Int. Ed Engl 1997. 36, 523 -524. 

(12) Su. D.-S.; Meng. D.; Bernnato, P.; BaJog. A.; Sorensen. E. 
Oanishefsfcy. S. J.: Zheng. Y.-H.; Chou. T.-C; He, L.; Hciwia. S. B. Angew. 
Chem.. Int. Ed Engl 1997. i<S, 757-759. 
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Nature 1997. 3S7, 268 -272. 
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404. (b) Jadhav. P. K.; Bhat, K. S.; Pcrumal. P. T; Brown. H. C. J. Org. 
Chem, 1967. 32, 404-407. 
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Total Synthesis of Epothilones A and B 

Scheme 1. Molecular Structures and Retrosynthetic 
Analysis of Epothil ncs A (1) and B (2) 
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ddsconnection (route a) involves a retro- Wittig type reaction 
accompanied by a numbo' of fimctional group interchanges, 
leading to compounds 10—12. The second disconnection, 
specificalty sought for its potential to address the geometry issue 
of the trisubstitutcd double bond of cpothilone B (2) (route b), 
involves (i) a retro- Enders alkylation,'* leading to hydrazone 
13 and iodide 14. and (ii) a retro- Wittig type disconnection of 
the latter intermediate (14) to reveal aldehyde 15 and stabilized 
ylxde 16 as potential building segments. An asymmetric 
allylboration of 15 then points to Brown's chiral allylborane'^ 
and an aldehyde carrying the required thiazole moiety as 
potential* starting points. 

(15)^1. Enders. D. AsyTrumiric Synth. 1984, J, 275-339. (b) Endcrs, 
D.: Klatt. M. Synthesis 1996, 1403-1418. 




J. Am, Chen^c, Vol, 119. No. 34. 1997 191 S 



Scheme 2. Synthesis of Keto Acid 9° 
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* Reagents and conditions: (a) 1.2 equiv of (+)-[pC2B(a!lyl), EtjO. 
-100 ^C, 0.5 h, 74% (ec >98% by Mosher ester analysis): (b) 1.1 
equiv of TBSOTf. 1.2 equiv of 2.6 lutidinc. CHjCh, 25 °C. 98%: (c) 
Oj, CHtCh, -78 X. 0.5 h: then 1.2 equiv PhjP. -78 — 25 'C, I h. 
90%; (d) 3,0 equiv of NaOO-. 4.0 equiv of 2-meihyl-2-butcne. 1.5 
equiv of NaHzPO*. •BuOH:H,0 (5:1), 25 "C, 2 K 93%. 

Scheme 3. Synthesis of Phosphonium Salt 12 and Aldehyde 
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' Reagents and conditions: (a) 1 .6 equiv of DIBAL, CHiCh, -78 
2 h, 90%; (b) PhjP«<;(CH3)CHO, benzene, reflux, 98%; (c) 1.5 
equiv of (+)-lpc2B(alIyI), EitO, -100 *C 0.5 h, 96% (ee >97% by 
Mosher ester analysis); (d) 1.2 equiv TBSCU t.5 equiv of imidazole. 
DMF, 0 — 25 2 h, 99%; (e) i. I.O mol % OsO*, 1,1 equiv of 
4-methylmorpholine iV-oxide (NMO). THFi'BuOHiHiO ( 1 : 1 :0. 1 ), 0 — 
25 X, 12 h. 95%; ii. 1 .3 equiv of Pb(OAc)4, EtOAc. 0 X, 0.5 h, 98%. 
(f) 2.5 equiv of NaBH*. MeOH, 0 X, 15 min. 96%; (g) 1.5 equiv of 
I2. 3.0 equiv of imidazole, 1.5 equiv of PhsP, Et20:McCN (3: 1), 0 
0.5 h, 89%; (h) 1.1 equiv Ph3P. neat. 100 **C, 2 h, 98%. 

3. Total Synthesis 

a. Construction of BuUding Blocks. The strategy derived 
from the retrosynthetic analysis discussed above (Scheme I) 
required building blocks 9—12, 15, and related compounds. 
Their construction in optically active form proceeded as follows. 
Scheme 2 summarizes the synthesis of keto acid 9 starting with 
the known keto aldehyde 17J* Thus, addition of (-h)-Ipc2B- 
(allyl)"* to 17 in ether at -100 X resulted in the formation of 
enantiomerically enriched alcohol 18 (74% yield, ee > 98% 
by Mosher ester determination).*'^ Silylation of 18 with ren- 
butyldimethylsilyl triflate (TBSOTf) furnished, in 98% yield, 
silyl ether 19. The conversion of terminal olefin 19 to 
carboxylic acid 9 was carried out in two steps: (i) ozonolysis 
in CH2CI2 at -78 *C followed by exposure to PhsP to give 
aldehyde 20 (90% yield) and (ii) oxidation of 20 with NaClCh 
in the presence of 2-mcthyl-2-butene and NaHzPOa in 'BuOH— 
H2O (5:1) (93% yield). 

The synthesis of the thiazole-containing fragments 15 and 
12 was accomplished as shown in Scheme 3. Thus, the known 
thiaz le derivative 21'^ was reduced with DIBAL (1.6 equiv, 
CH2a2. -78 **C) to aldehyde 22 (90% yield), which reacted 

(16) Inuka, T.; Yoshizawa, R. X Org. Chtm, 1967. J2, 404-407. 

(17) (a) Dale, J. A.; Mosher, H. S. J. Am. Chem. Soc, 1973. 95, 512- 
519. (b) Kusumi. T.: Ohtani. I.; Inouye, Y.; Kakisawa. H. Tetrahedron Lett. 
1988. 29, 473 1 -4734. (c) Ohtani. I.; Kusumi T; Kashnian, Y.; Kakisawa, 
H. / Am. Chem. Soc. 1991. 113. 4092-4096. 

(18) Bredcnkamp, M. W,; Holzapfel. C. W.; van Zyl. W. k Synth. 
Commun. 1990. 20, 2235-2249. 
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Scheme 4 Synthesis of Aldehyde 10 and Ketone 11'' 
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° Reagents and conditions: (a) 1.1 cquiv-of LDA, THF, 0 *'C. 8 h; 
then 1.5 equiv of 4.iodo- 1 -(bcnzyloxy) butane in THF. at -100 — 0 
*C. 6 h, 92% (de > 98% by 'H NMR); (b) Oj. CHjCh. -78 "C, 77% 
or Mel. 60 *C, 5 h; then 3 N aqueous HCI, n-pentane, 25 *'C, 1 h, 
86%; (c) 3.0 equiv of NaBH4, MeOH, 0 15 min, 98%: (d) 1.5 
equiv of TBSCI. 2.0 Muiv of EtjN. CH2CI2, 0 — 25 *'C. 12 h. 95%; 
(e) H2. Pd(OHh cat., THF, 50 psi, 25 ''C 15 min, 95%; (f) 2.0 equiv 
of (COClh. 4.0 equiv of DMSO. 6.0 equiv of Et>N. CHjCU. -78 — 
0 'C. 1.5 h, 98%; (g) 1.5 equiv of McMgBr, THF. 0 ^C. 15 min, 84%; 
(h) 1 .5 equiv of NMO, 0.05 equiv of tetrapropylamnmnium pemiihenate 
(TRAP). 4 A MS, C^tO^. 25 ''C, 45 min, 96%. 

with the appropriate stabilized ylide [Ph3P=<:(Mc)CHO] in 
benzene at 80 °C to afford the required (£)-a^-unsaturated- 
aldehyde ly^^^^ in 98% yield. Addition of (+)-Ipc2B(allyl)'^ 
to 23 in ether/pentanc at -100 *C gave ally lie alcohol 24 in 
96% yield {>97% ec by Mosher ester analysis).'^ Protection 
of the hydroxyl group in 24 as a TBS ether (TBSCI, imidazole. 
DMF, 99% yield), followed by chcmoselective dihydroxylation 
(OSO4 cat., NMO)'9 of the tenninal olefin (95% yield) and Pb- 
(OAc)4 cleavage of the resulting diol (98% yield), furnished 
aldehyde 15 via intermediate 25. Finally, NaBR* reduction of 
15 (96% yield), followed by iodination (I2, imidazole, PhjP, 
89% yield) and phosphonium salt formation (PhsP. neat, 100 
*C, 98% yield) gave the requisite fragment 12 via the interme- 
diacy of alcohol 26 and iodide 27. , 

The construction of aldehyde 10 and ketone 11 proceeded 
from SAMP hydrazonc 13 as shounn in Scheme 4. Thus, 
reaction of propionaldehyde with SAMP^ fmnished 13. which 
upon sequential treatment with LX)A (THF, 0 *C) and 4-iodo- 
l-(benzyloxy)butane (THF, -100 -* 0 **C) led to compound 
28 in 92% yield and >98% de ('H NMR). Oeavage of the 
hydrazone moiety by exposure to ozone (CH2CI2, -78 **C, 77% 
yield) or by treatment with Mel at 60 **C followed by acidic 
woricup (aqueous HCl, 86% yield),^* followed by NaBR* 
reduction of the resulting aldehyde (29), furnished alcohol 30 
in 98% yield. The latter compoiind (30) was then silylated with 

(19) (a) Schneider. W. P.; Mcintosh. A. V. U.S. Patent 2,769,824. 
November 6. 1956. (b) VanRheencn. V.; Kelly. R. C; Cha, D. Y. 
Tetrahedron UtL 1976, 1973-1976. (c) Kolb, H. C; VanNieuwenhze. M. 
S.; Sharplcss. K. B. Chem. Rev. 1994. 94. 2483-2547. 

(20) (a) Enders. D.; Eichenauer. H. Ckem. Ber. 1979. //2, 2933-2960. 
(b) Enders. D.; Ticbcs. J.: De Kimpc. N.; Keppcns. M.: Stevens, C; 
Smagghc. G.: Betz. O, /. Org. Chem. 1993. 58, 4881-4884. (c) Endera, 
D.; Plant, A.; Backhaus. D.; Reinhold, U. Tetrahedron 1995. 5/. 10699- 
10714. Wc thank Prof. Enders for a generous gift of SAMP. 

(2 1 ) Davenport, K. G.; Eichcnauer. H,; Enders. D.: Ncwcomb. M.; 
Bcrgbreiter, D. E. / Am, Chem. Soc. 1979. lOi. 5654-5659. 



TBSCI in CH2CI2 in the presence of EljN and 4-DMAP to affon 
silyl ether 31 in 95% yield. Cleavage of the benzyl ether in 3" 
by hydrogenolysis (H2, Pd(OH)2 cat., THF, 50 psi] gave primar 
alcohol 32 (95% yield), which was smoothly oxidized to th( 
desired aldehyde 10 under Swera conditions- [(COCl):, DMSO 
EtjN, 98% yield]. Addition of MeMgBr to 10 proceeded ii 
84% yield and was followed by TPAP-NMO oxidation-^ o 
the resulting secondary alcohol (33) to give the other requires 
building block, ketone 11, in 96% yield. 

With the appropriate building blocks at hand, the convergen 
approach to epothilones A (1) and B (2) could now enter it* 
second phase. 

b. Total Synthesis of Epothilone A. The couplings 01 
building blocks 9, 10, and 12 and the total synthesis ol 
epothilone A (I) and its 65,7/?-diastereoisomers (44 and 45] 
are shown in Scheme 5. Thus, generation of the ylide fron: 
phosphonium salt 12 with sodium bis(trimethylsilyl)amide 
(NaHMDS), followed by reaction with aldehyde 10 resulted in 
the formation of the desired Z-olefin 34 (J\i,\y = 10.8 Hz, 
obtained from decoupling experiments) as the predominani 
product in 77% yield [Z:£ ca. 9:1; the minor isomer (£) was 
removed chromatographically in subsequent steps]. Parentheti- 
cally, key intermediate 34 was also prepared by Wittig coupling 
of phosphonium salt 47 and aldehyde 15 in a reversal of the 
reacting functionalities of the two fhigments as shown in Scheme 
6. Thus, alcohol 32 was directly converted to iodide 46 by the 
action of I2, imidazole, and Ph3P (91% yield) and then to 
phosphonium salt 47 by heating with Fh^P (91% yield). 
Generation of the ylide from 47 with equimolar amounts of 
NaHMDS in THF, followed by reaction with aldehyde 15 
yielded Z-olefin 34 in 69% and in ca. 9: 1 ratio with its £-isomer. 

Returning to Scheme 5, selective desilylation of the primary 
hydroxyl group from 34 was achieved by the action of 
camphorsulfonic acid (CSA) in MeOH:CH2Cl2 (1:1).--^ leading 
to hydroxy compound 35 in 86% yield. Oxidation of 35 to 
aldehyde 7 was then carried out using SOj-pyr.. DMSO, and 
EtjN (94% yield)." With the availability of 7, we were then 
in a position to investigate its aldol condensation with keto acid 
9. It was found that the optimum conditions for this coupling 
reaction required generation of the dilithio derivative of 9 (1.2 
equiv) with 3 0 equiv of lithium diisopropylamide (LDA) in 

THF (-78 40 °C), followed by addition of aldehyde 7 

(1 .0 equiv), resulting in the formation of a mixture of the desired 
product 36a and its 65,7/?-diastereoisomer 36b in ca. 1:1 ratio 
and in high yield. Despite the lack of stereoselectivity in this 
reaction, the result was welcome at least with regard to the 
prospect it provided for the construction of the 6iS,7/?-diaste- 
reoisomer of epothilones A and B. This rnixture was then 
carried through to the stage of carboxylic acids 38 and 39 
(Scheme 5), where it was chromatographically separated to its 
components. Thus, exposure of 36a,b to excess of TBSOTf 
and 2,6-lutidine furnished a mixture of tetra-silylated products 
37a,b. which was then briefly treated with K2CO3 in MeOtf* 
to afford, after silica gel flash or preparative layer chromatog- 
tsphy, carboxylic acids 38 (31% overall yield from 7) and 39 
(30% overall yield from 7) (38: /?/ = 0.61; 39: Rf = 0.70. 
silica gel, 5% MeOH in CHtCTIJ. The indicated stereochemistry 
at C7 and C6 in compounds 38 and 39 was assigned later and 
was based on the successful conversion of 38 t epothilone A 
(1) as described below. 

(22) Mancuso. A. J.; Huang. S.-L.; Swcm, D. J. Org. Chem, 1978. 4S, 
2480-2482. 

(23) Grimth..W. p.; Ley, S. V. Aldnchim, Acta 1990. 23. 13-19. 

(24) Nelson. T. D; Crouch, R. D. Synthesis 1996. 1031-1069. 

(25) Parikh. J. R.: von Doering. W. E. / Am. Chem, Soc. 1967. S9, 5505- 
5507. 

(26) Morton, D. R.; Thompson. J. L. / Org. Chem, 1978. 43, 2102- 
2106. 
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Total Synthesis of Epothilones A and B 

Scheme 5. Total Synthesis of Epothilone A (1) and Its 
65J/?-Diastereoisomcrs (44 and 45)^ 
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''Reagents and conditions: (a) .1.2 equiv of 12. 1.2 cquiv of 
NaHMDS. THF, 0 "C. 15 min. then add 1.0 cquiv of aldehyde 10, 0 
X. 15 min, 77% (2:£ca. 9:1); (b) 1.0 cquiv of CSA portion wise oOer 
I h. CH2Ch:MedH (1:1), 0 — 25 0.5 h, 86%; (c) 2.0 cquiv of 
S03-pyr., lO.O equiv of DMSO. 5.0 equiv of EtjN. CHjOi, 25 ^'C 0.5 
h, 94%; (d) 3.0 cquiv of LDA, THF, 0 15 min; then 1.2 cquiv of 

9 in THF, -78 40 *C, 0.5 h; then 1.0 equiv of 7 in THF at -78 

^'C, high yield of 36a and iu 6J.7/f-diastcreoisomcr 36b (ca. 1 : 1 ratio)- 

(e) 3.0 equiv of TBSOTf, 5.0 equiv of 2,6-hjtidinc. CHjOj. 0 "C, 2 h;' 

(f) 2.0 equiv of K2CO3, MeOH, 25 *C 1 5 min. 3 1 % of 38 and 30% of 
65 J/?-diastcreoisomcr 39 from 7; (g) 6.0 cquiv of TB AF, THF. 25 **C, 
8 h, 78%; (h) same as g. 82%; (i) 5.0 equiv of 2,4,6-trichlorobcn2oyl- 
chlonde. 6.0 equiv of EtiN, THF, 25 15 min; then add to a solution 
of 10.0 equiv of 4-DMAP in toluene (0.002 M based on S), 25 ''C 0 5 
h, 90%; (j) sanjc as i. 85%; (k) 20% CF3C6OH (by volume) in CHknz. 
0 "C, I h, 92%; (1) same as k, 95%; (m) mcthyl(trifluoromethyi)diox- 
iranc, McCN, 0 °C. 75% (ca. 5:1 ratio of diastcreoisomers), sec rcf 
27); (n) san» as m, 87% (44:45 ca. 2:1 ratio of diastereoisomcrs, 
tenutivc stereochemistry). 

At this stage, it was necessary to selectively remove the TBS 
group from th allyUc hydroxy! group of 38, so as to allow 
macrolactonizati n of the jeco-acid substrate (5). This goal was 
achieved by treatment of 38 with tetra-n-butylaimnomum 
flu ride (TBAF) in THF A 25 **C, gcacrating the desired 
hydroxy acid 5 in 78% yield. Th key macrolactonization 
reaction of 5 was carried out using the Yamaguchi method" 
(2,4,6-trichl robenzoyl chltnide, EtsN, 4J:)MAP) at 25 °C, 
affording compound 41 in 90% yield. Removal of both TBS 
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Scheme 6. Synthesis of Compound 34° 



TBSO 



' OTBS 15 




OTBS 



OTBS 



32:XsOH 
46:X»t 



34 



12. Pti^, a d 

CZ 47: X = PtvjP^r 

" Reagents and conditions: (a) 1 .5 equiv of I2. 3.0 equiv of imidazole. 
1.5 equiv of PhjP. EtjOiMeCN (3: 1), 0 "C, 0.5 h, 91%; (b) 1.1 cquiv 
of PhjP, neat, 100 X. 2 h. 91%; (c) 1.2 equiv of 47. 1,2 equiv of 
NaHMDS. THF, OX. 15 min; then add 1.0 equiv of aldehyde 15 0 
"C, 15 min, 69% (Z:£ca, 9:1). 

groups from 41 (CF3COOH. CH2a2, 0 °C) furnished diol 3 in 
92% yield. Finally, treatment of 3 with methyl(trifluoromethyl)- 
dioxiranc^^ led cleanly to epothilone A (1) (62% yield) and its 
a-epoxide cpimer (13% yield). The reaction of macrocyclic 
olefin 3 with mCPBA gave a number of other products as 
described in detailed in the preceding article.^ Synthetic 
epothilone A (1) was chromatographically purified (preparative 
thin-layer chromatography, silica gel) and exhibited properties 
identical to those of an authentic sample (TLC. HPLC, [a]D. 
IR. 'H and '^c NMR, and HRMS).^ 

A similar sequence was followed for the synthesis of the 
65J/?-diastereoisomers 44 and 45 of epothilone A (1) from 
compound 39 (Scheme 5) via intermediates 40 (82% yield from 
39), 42 (85% yield from 40), and 43 (95% yield fh^m 42). 
Epothilone 44 was obtained as the major product, together with 
its a-epoxide epimer 45 (87% total yield, ca. 2:1 ratio), from 
olefmic precursor 43 by methyl(orifluoromethyl)dioxiranc ep- 
oxidation.^ The epoxide stereochemistry assignments in 44 and 
45 are tentative. 

c Total S3mthesis of Epothilone B. The first approach to 
epothilone B (2) was designed with the aim of delivering not 
only the natural substance but also its 125-diastcrcoisomer 58 
(Scheme 7), which in turn required the generation of both 122- 
and 12£-olefins. To this end, the ylide generated from 
phosphonium salt 12 with equimolar amounts of NaHMDS in 
THF was reacted with ketone 11 to afford a mixture of Z- and 
E-oIefins 48 (ca. 1:1 ratio) in 73% total yield. This mixture 
was carried through the sequence to the stage of carboxylic acids 
52' and 53' (see Scheme 7 for details), which were chromato- 
graphically separable. Carboxylic acid 53' (mixture of geo- 
metrical isomers) with the wrong stereochemistry at C6 and 
C7 (65,7/?) was abandoned at this stage, whereas the mixture 
of 2- and f-isomers 52' with the correct stereochemistry at C6 
and C7 {6RJS) was taken to the macrolactonc stage (compounds 
54 and 55) via hydroxy acid 6\ by (i) selective dcsilylation of 
the C 15 hydroxyl group (TBAF, THF, 75% yield) and (ii) 
Yamaguchi cyclization (37% yield of 54, plus 40% of 55).^ 
Dcprotecdon of bis(silyl ether) 54 by treatment with CFbCOOH 
in CH2CI2 afforded diol 4 in 9i% yield. Finally, epoxidation 
of 4 with /nCPBA in benzene at 3 "C gave epothilone B (2) 
together with its a-epoxide epimer 57 in 66% total yield and 

(27) (a) Inflnaga, J.; Hirata, K.; Saeki. H.; Katsuki. T; Yamaguchi M 
Bull. Chem. Soc. Jpn. 1979. 52. 1989. (b) Mulzer. J.; Marcski, P. A.: 
Buschmann, J.; Lugcr, P. Synihesis 1992, 215-228. (c) Nicolaou, K. C: 
Patron, A P.; Ajito. K.: Richter, P. K.; Khaniya, H.; Bemnato. P.; MUler! 
R- A: Tomaszewski, M. J. CherrL Eur. J. 1996. 2, 847-868. 

C28) Yang. D.; Wong. M.-K.; Yip, Y.-C. J, Org. Chem. 1995. 60. 3887- 
3889. 

(29) Nicolaou. K. C; He, Y.; Vourkwimis, D.; Vallberg. H.; Roschangar. 
F.; Sarabia, F.; Ninkovic. S.; Yang, Z.; Tnijillo. J. I. / Am. Chem. Soe 
1997. //9. 7960-7973 (preceding paper). 

(30) We thank Dr. G. Hofle for samples of natural epothilones A (1> 
and B (2). 
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Scheme 7. Total Synthesis of Epothilone B (2) and 
Analogues'" 




48:X-H.OTBS 
=r 49: X • H. OH 



COOH 




W: R^a Rj = H,RaaTBS .^bsOTT « f" H, - R, « H. R, « TBS 

!ir H| .Rj-Rj-TBS ' pT 51b': R, - flj - Rj- TBS 

\=: S2^ R,-Rj-TBS.R,.H 5T: Rt - R, - TBa R3 - H 

' r: Ri . TB8, R, « R, » H 



2,4.6-trt eM ow6enzoyteftto>fcte 




"Reagents and conditions: (a) 1.5 equiv of 12, 1.5 equiv of 
NaHMDS. THF, 0 °C, 15 min, then add 1.0 equiv of ketone tl. -20 
12 h, 73% (Z:£*ca. 1:1); (b) I.O equiv of CSA portionwise over I 
h, CH2Ch:McOH (1:1). 0 *C; then 25 0.5 h, 97%; (c) 2.0 equiv of 
SOj-pyr., lO.O equiv of DMSO, 5.0 equiv of EijN. CHjClj. 25 *C, 0.5 
h, 95%; (d) 3.0 equiv of LDA, THF, 0 15 min; then 1.2 equiv of 

9 in THF, -78 40 *C. 0.5 h; then 1 .0 equiv of 8* in THF at -78 

*C, high yield of 50a* and its dS,7/?-diastcreoisomer 50b' (ca. 1:1 ratio); 
(e) 3.0 equiv of TBSOTf. 5.0 equiv of 2,6-Iutidirve. CHiQi. 0 **C, 2 h; 
(0 2.0 equiv of KjCCb, MeOH. 25 **C. 15 min, 31% of 52* and 30% 
of 6S,7A*diastCTeoisomcr 53* from 8*; (g) 6.0 equiv of TBAF. THF, 
25 **C, 8 h, 75%; (h) 1.3 equiv of Z4,6-trichlorobcnzoylchloride. 2.2 
equiv of EtjN, THF, 0 1 h; then add to a solution of 10.0 equiv of 
4-DNfAP in toluene (0.002 M based on 6*). 25 X. 12 h. 37% of 54; 
and 40% of 55; (i) 20% CF3COOH (by volume) in CHiQ^ - 10 — 0 
1 h, 91%; (j) same as i. 89%; (k) dimcthyldioxirane, CHja7. -50 
*C, 75% (2:57 ca. 5: 1 ratio <rf diastcrcoisomcrs) or 1 .5 equiv of mCPBA, 
benzene, 3 *C. 2 h, 66% (2:57 ca. 5: 1 ratio of diasiereoisomers) or 
methyltrifluoromethyl)dioxiranc, MeCN, 0 **C. 85% (2:57 ca. 5:1 ratio 
of diasiereoisomers); (!) 1,5 equiv of mCPBA, benzene, 3 **C 2 h. 73% 
(58:59 ca. 1:4 ratio of stereoisomers) or methyl(tnfluoromethyl)diox- 
irane, MeCN, 0 *C, 86% (58:59 ca. 1:1 ratio of diastcreoisomers). 



Scheme 8. Stereoselective Synthesis of Aldehyde 8 for 
Epothilone B {2Y 

COOMe 

PPf>3 



COOMo 



OTBS 
15 




OH 

, X - C» 



" Reagents and conditions: (a) 1.5 equiv of 16. benzene, reflux 5 h, 
95%; (b) 3.0 equiv of DIBAL. THF, -78 'C, 2 h. 98%; (c) 2.0 equiv 
of Ph3P. ecu, reflux. 24 h, 83%. (d) 2.0 equiv of LiEtjBH, THF, 0 
"C. 1 h, 99^; (e) 1.2 equiv of 9-BBN, THF, 0 ''C, 2 h. 91%; (0 1.5 
equiv of 3.0 equiv of imidazole, 1 .5 equiv of PhjP. EiiO:MeCN 
(3:1) 0 '^C, 0.5 h, 92%; (g) 1.5 equiv of 13. 1.5 equiv of LDA, THF, 
0 X, 8 h; then 1.0 equiv of 14 in THF, -100 20 "C 10 h. 70%; 

(h) 2.5 equiv of monoperoxyphthaiic acid, magnesium salt (MMPP), 
MeOH:phosphate buffer pH7 (1:1). 0 *C, ! h. 80%; (i) 2.0 equiv of 
DIBAL, toluene. -78 ''C, 1 h, 82%. 

ca. 5:1 ratio ('H NMR), while the use of dimcthyldioxirane.^' 
fust reported by Daiiishefsky,^'^ gave 2 and 27 in 75% total 
yield in the same ratio (ca. 5:1 in favor of 2). Epoxidation of 
4 with methyl(trifluoromethyl)dioxirane^* in CH3CN at 0 °C 
improved the yield of epothilone B (2) and its a-epimer 57 to 
85% but did not significantly change the diastereoselectivity 
of the reaction. Epothilone B (2) was ptxrified by silica gel 
preparative layer chromatography and exhibited identical prop- 
erties (TLC. HPLC, [ajo, IR, 'H and ''C NMR. and HRMS) 
with those, of an authentic sample.^ 

By the same sequence, and in similar yields, the macrocycle 
55 containing the £-endocyclic double bond (Scheme 7) was 
converted to the 12^-epimeric epothilone B 58 and its a-epoxy 
cpimer 59 via dihydroxy macrocyclic compound 56 [epoxidation 
with methyl(aifluoromcthy!)dioxiranc].^ The stereochemistry 
of epoxides 58 and 59 was tentatively assigned by con^^aiisons 
with the corresponding epothilone A epoxides whose stereo- 
chemistry was determined by NMR spectroscopy and molecular 
dynamics computations and molecular modelin'* as described 
in the preceding article^ (see also Supporting Information for 
'H-'H NOESY and 'H-'H COSY). 

To improve the efficiency of the route to epothilone B (2). a 
more stereoselective total synthesis was devised and executed 
as follows. Scheme 8 addresses the stereoselective construction 
of intermediate 8 with the 122-geometry. Thus, condensation 
of the stabilized ylidc 16 [obtained from 4-bromo-l-butene by 

(i) phosphonium salt f rmation, (ii) anioo formation with 

(31) Murray. R. W.: Jeyaraman. R. /. Org. Chem. 1S»5, 50. 2847-2853. 
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NaHMDS, and (iii) quenching with MeOC(0)Cl]^^ with alde- 
hyde 15 proceeded smoothly to afford olefinic compound 60 
tn 95% yield and as a single isomer. Reduction of the methyl 
ester in 60 with DEBAL resulted in the formation of allylic 
alcohol 61 (98% yield), which was deoxygenated by first 
reacting it with Ph>P-CCU and then with LiEtsBH,^^ to afford 
the desired trisubstituted 12Z-oIefin 63, via chloride 62. in 82% 
overall yield. The latter compound 63 was regioseiecdvely 
hydroborated with 9-BBN and converted to the primary alcohol 
64 (91%), which was then treated with I^- imidazole- PhsP to 
afford iodide 14 (92% yield). This iodide was then used in an 
Enders alkylation reaction with SAMP hydrazone 13 to give 
compound 65 as a single isomer (*H NMR) and in 70% yield. 
Treatment of hydrazone 65 with monoperoxyphthalic acid 
magnesium salt (MMPP) in MeOH.phosphate pH 7 buffer (1: 
l)20c.34 resulted in clean conversion to nitrile 66 (80% yield), 
which formed aldehyde 8 (82% yield) upon exposure to DIBAL 
at —78 in toluene solution. 

The homogeneous aldehyde 8 was converted to epothilone 
B (2) by the sequence d^icted in Scheme 9. Thus, condensa- 
tion of the dianion of 9 with 8 as before (Scheme 7), produced 
two diastcreoisomers. 50a (6RJS stereoisomer) and 50b {6SJR 
stereoisomer), in high yield and in ca. 1.3:1.0 ratio (50a:50b). 
This mixture was carried through the indicated sequence to 
carboxyUc acids 52 (32% overaU yield from 8) and 53 (28% 
overall yield from 8), which were separated by silica gel 
preparative layer or flash colunm chromatography and taken 
individually further aiOng the sequence as described for the 
corresponding stcreoisomeric mixtures shown in Scheme 7. 
Thus. 52 was selectively deprotected with TBAF to afford 
hydroxy acid 6 (73% yield), which was then cyclized to 
macrolactone 54 in IT^ yield by the Yamaguchi method.^^ The 
conversion of 54 to epothilone B (2) and its a-epoxide epimer 
57 has already been described above (Scheme 7). 

In an effort to improve the diastereoselectivity of the aldol 
condensation between C1-C6 and Cl-Q\5 fragments, die 
following chemistry was explored (Scheme 10). Thus, ketone 
69 [prepared from ketone 20 (Scheme 2) by selective reduction, 
followed by silylation] was converted to its enolatc witii 
stoichiometric amounts of LDA.and reacted with aldehyde 8 
(2-isomcr). affording coupling products 70 and 71 in 85% total 
yield and ca. 3:1 ratio, with the desired compound 70 predomi- 
nating as proven by its conversion to 52 and epothilone B (2). 
Thus, chromatographic purificadon (silica gel, 20% ether in 
hcxanes) led to 70, which was efficiently transformed to the 
previously synthesized intermediate 52 (Scheme 9) as follows. 
The newly generated hydroxyl group in 70 was silylated with 
TBSOTf-2,6-lutidine to furnish 72 (96% yield), which was then 
selectively desilylated at the primary position by the mild action 
of camphorsulfonic acid (CSA) in MCOH-CH2CI2. leading to 
73 (85%), Fmally. sequential oxidation of the primary alcohol 
with (COah-DMSO-EtjN (95% yield) and NaaOj-NaHz- 
PO4 (90% yield) led to hydroxy acid 52 via aldehyde 74. The 
conversion of 52 to 2 has already been described above (Scheme 
9). This sequence represents a stereoselective and highly 
efficient synthesis of epothilone B (2) and opens the way for 
the construction f further analogues within this important family 
of microtubule binding agents. 

^' ^^<^^ B. S.; Cleary. D. G. / Org, Chem, 

fic B«*toianii, H J. Angew. Chem., int. Ed. EngL 
'j'oS, 645~660. 

7590^^ T'rrwiAri/rwi Utt 1991. S2. 7587- 

(34) Endcre. D.; Backhaus. D.; Runsink, J. Tetrahedron 1996. 52. 1503- 
1528. 
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Scheme 9, First Stereoselective Total Synthesis of 
Epothilone B {If 




5 r- fl, - R, a H. Rj « TBS 

51«: R, o n, s R, » TBS 
^ Jzr 52: fl, « Rj - TBS, Hj « H 
6: R,«TBS.R2«iR3«H 



TBSOTf ^ri;*^- Ri-«3»H.R, = TBS 

!=r 53: R, o R, » TBS, Ra a H 
TBAF. e 67: R, » TBS. Rj « R, « H 



2.4,6-<TteWofobe n zoyteh>wW 




54: R.TBS 
4: RoH 



v(a*i2i 



68: R»TBS 



'"Reagents and conditions: (a) 3.0 cquivof LDA, THF. 0 ""C. 15 

min; then 1.2 equiv of 9 in THF, -78 40 "C. 0.5 h, then I.O 

cquiv of 8 in THF at -78 *C. high yield of 50a and 65,7/?- 
diastercoisomer 50b (ca. 1 .3: 1.0 ratio of diasiereoisomers); (b) 3.0 equiv 
of TBSOTf, 5.0 equiv of 2,6-lutidine. CHjCh. 0 ^C. 2 h; (c) 2.0 cquiv 
of K1CO3, MeOH, 25 *C. 15 min, 32% of 52 and 28% of dJJJ?- 
diastereoisomer S3 from 8; (d) 6.0 cquiv of TBAF, THF, 25 X. 8 h. 
73%; (c) same as d. 71%; (f) 5.0 equiv of 2A6-trichlorobcn2oyI 
chloride. 6.0 equiv of EtjN, THF, 25 'C, 15 min, then add to a solution 
of 10.0 equiv of 4-DMAP in toluene (0.002 M based on 6), 25 *C, 12 
h, 77%; (g) same as f, 76%: (h) 20% CF3COOH (by volume) in CH<n., 
0 I h, 91%; (i) see Scheme 7. 

4. Conclusion 

The chemistry described in this article defines a concise 
strategy for the construction of epothilones A (1) and B (2) 
based on a macrolactonizatioD strategy, and which enjoys 
convergency and flexibility for structural diversity. It is 
expected that the numerous intermediates and, structural ana- 
logues included herein, as well as several new ones currently 
under construction, will play a crucial role in elucidating 
structure— activity relationships of these new substances and in 
determining their relevance fo cancer chemotherapy. Indeed, 
independent reports from the Danishefsky*'*''^ ^nd from these 
laboratories'^ demonstrated impressive tubulin binding affinities 
and cytotoxicities for some of these compounds. Further details 
on the biological actiotis of these and other compounds will be 
published elsewhere. 

Experimental Secti n 

General Techniques. See preceding paper.^ 

Alcohol 18. Ailylboradon of Keto Aldehyde 17. Aldehyde 17'^ 
(16.0 g. 0.125 mol) was dissolved in ether (400 mL) and cooled to 
— 100 **C. To this solution was added (+)-dus<^inocampheylailyIbo- 
ranc (800 mL. 0 15 M in pencane, 0.125 mol, 1.0 equiv) by cannulacion 
during 45 min. [(+)-DiisopinocampheylalIylborane in pentanc was 
typically prepared by the adaptation of the original method reported 
by Brown.'* AUyllmagncsium bromide (66.0 mL, 1 M solution in ether. 
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Scheme 10. Second Stereoselective Synthesis of Epothilonc 

B (2r 




— 70: R, -H.R2-TBS.X = H.0rrBS 
\:=:72: B,«Rj.TBS.X-H,OTBS 
Ri-R,«TBS.X-KOH 



(COCt)*,0MSO d 



ORa X 

71: Ra - TBS. X = H, OTBS 




74: X»H 
S2: X»OH 



" Reagents and^OTditions: (a) 1.2 equiv of LDA, THF, 0 *C, 15 
min; then 1.2 equiv of 69 in THF. -78 - -40 1 h; then l.O equiv 
of 8 in THF ax -78 "C. 85% of 70 and dS,7/?-diastcreoisonicr 71 (ca. 
3:1 rauo); (b) 1 .2 equiv of TBSOTf, 2.0 equiv of 2,6-luiidinc, CHjCh. 
0 °C 2 h. 96%; (c) l.O equiv of CSA portionwisc over 1 h, CHiCU- 
_MeOH (1:1), 0 — 25 0.5 ^ 85%; (d) 2.0 equiv of (COCl>2. 4.0 
equiv of DMSO. 6.0 equiv of EtjN, CHjCh. -78 - 0 1.5 h, 95%; 
(e) 3.0 equiv of NaClOi. 4.0 equiv of 2-methyl-2-butenc, 1.5 equiv of 
NaHzPO*, 'BuOH:H20 (5: 1). 25 **C 2 h, 90%. 

0.066 mol) was added dropwise to a well-stirred solution of 
mcthoxydiisopinocamphcyiboranc (20.9 g. 0.066 mol) in ether (400 
mL) at 0 *C. After the completion of the addition, the reaction mixture 
was stirred at room temperature for I h and the solvent was removed 
under reduced pressure. The residue was extracted with pcntane (3 x 
400 mL) under argon, and stirring was discontinued to allow precipita- 
tion of the magnesium salts. The clear pcntane solution was cannulatcd 
into another flask using a double-ended needle through a Kramer filter 
and used without further purificaiion. After the addition was complete, 
the mixture was stirred ai the same temperature for 30 min. Methanol 
(20 mL) was added at - 100 »C, and the reaction mixture was aUowed 
to reach room temperature. To this solution was added saturated 
aqueous NaHCOj solution (200 mL). foUowed by H^Oj (80 mL of 
50% solution in HjO). and the reaction mixture was allowed to stir at 
room lemperanire for 12 h. The reaction mixmre was extracted with 
EtOAc (3 X 200 mL). and the organic extracts were combined, washed 
with saturated aqueous NH4CI solution (100 mL). and dried (Na2S04). 
Evaporation of the solvents followed by flash column chromatography 
(silica gel, 3% acetone in CHzCh) resulted in pure alcohol 18 (14.6 g, 
74%). 18: colorless oil; Rf = 0.20 (silica geU 3% acetone in CH2CI2); 
[al^D -4.0 (c 1.5, CHClj); IR (thin film) 3492, 2976, 2939, 1699. 
1641, 1469, 1379. 1087, 1020, 990, 973, 914 cm"'; 'H NMR (600 
MHz, CDClj) d 5.85-5.80 (m, I H. C/f-CH^). 5.11-5.07 (m. 2 H. 
CH-CWz), 3.73 (dd, / = 10.5. 2.0 Hz. I H. CHOH). 2.54-2.40 (m, 
3 H). 2.25-2.18 (m, I H), 2.03-1.96 (m, I H), 1.14 (s, 3 H. QCHsh). 
1. 10 (s, 3 H, C(CH3)a), 0.99 (t, J = 7.0 Hz, 3 H, CHjCHj); '^C NMR 
(150.9 MHz, CDCI5) <J 217.2, 135.6. 117,7. 75.5. 51.2. 36.4. 31.3, 21.8. 
19.5. 7.8; FAB HRMS (NBA/Nal) m/e 193.1200, M + Na+ calcd for 
CoHitOi 193.1204. 

Ketone 19. SOylatioo of AIcoImI 18. Alcohol 18 (1 LO g. 0 0647 
mol) was dissolved in CHiCh (200 mL), the soluuon was cooled at 
-78 *C, and 2,6-lutidine (10.5 mL. 0.0906 mol. 1.4 equiv) was added. 
After being stirred for 5 min at that temperature, r^rr-butyldimethyUilyl 
iriflare nq mL. 0.0841 raol. 1.3 equiv) was added dropwise and the 
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reaction mixture was allowed to stir at -78 for 45 min, after which , 
lime no starling material was detected by TLC. Saturated aqueous NH*. 
Cl solution (30 mL) was added, and the reaction mixture was ajiowed 
to warm to room temperature. The organic phase was separated, and 
the aqueous layer was extr^tcd with ether (3 x 20 mL). The combined 
organic extracts were dried (MgSOO and filtered through Celiic. and 
the solvents were removed under reduced pressure. Punfication by 
flash column chromatography (silica gel. 2 - 10% ether in hexanes) 
gave pure 19 (18.0 g, 98%): R; = 0.75 (sUica gel. 2()% eth^ m 
hexanes); (apo +2.6 (c 0.8. CHCh); IR (thin film) 2935. 1705, 
1467 1362 1254. 1089, 911. 836, 775 cm"*; 'H NMR (600 MHz, 
CDc'b) d 5.78-5.71 (m, 1 H, CH-CH2). 5.01-4.94 (m. 2 H. 
CH=<://2) 3.97 (dd, J = 6,2, 5.2 Hz, I H. CHOSL), 2.54 (dq. / = 
14 3 7 2 Hz. I H. C//2CH3). 2.44 (dq. J = 14-2. 7.1 Hz, 1 H, C//2- 
CH3) 2.21-2.16 (m, I H. C//2CH-CH2). 2.14-2.08 (m, 1 H. CH,- 
CH-<:H2). LIO (s, 3 H, C(CH3>>). 107 (s, 3 H. C(CH,)i). 0.98 (t, J = 
7 I Hz 3 H CW3CH2), 0.87 (s. 9 H, SiC(CHi)3), 0.05 (s. 3 H, Si- 
(CHyh) 0.01 (s. 3 H. Si(CHj>2); 'HT NMR (150.9 MHz, CDC,) 6 215.9. 
136.2. 116.5, 76.7. 52.9. 39.0. 31.9. 26.0. 22.4. 20.1. 18.2, 7.7, -3.6. 
-4.4. 

Kao Aldehyde 20. Ozonolysis of Ketone 19. Alkene 19 (2.84 g, 
10 mmol) was dissolved in CH^Ch (25 mU 0.4 M). and the solution 
was cooled to -78 "C. Oxygen was bubbled through for 2 mm, after.. 
which time ozone was passed through until the reaction mixture adopted 
a blue color (ca. 30 min). The solution was then purged with oxygen 
for 2 min at -78 °C (disappearance of blue color) and Ph3P (3:16 g. 
12.0 mmol, 12 equiv) was added. The cooling bath was remove^j; 
and the reaction mixture was allowed to reach room temperature and 
sUrred for an additional I h. The solvent was removed under reduced 
pressure, and the mixture was purified by flash column chromatography 
(silica gel. 25% ether in hexanes) to provide pure keto aldehyde 20 
{2 57 g 90%)- Rf = 0.45 (silica gel, 20% ether in hexanes); [al-© : 
-1 9(c40 CHCl3);IR (thin film) 2935. 2858, 1707, 1467. I38S. 
1255 1093 l004,837.777cm-';'HNMR(500MHz,ax:i)) a9>/8 - 
(dd ) = 2 1 2.0 Hz. CHO), 4.55 (dd. J = 6.0. 4.5 Hz, 1 H. CHObit. 
2 59-2 44 (m, 4 H. CW2CH3, CWiCH-O). 1.13 (s. 3 H. C(CH:-t^c 
i:09 (s, 3 H. CiCHM. 1.00 (t, y = 7.0 Hz. 3 H. C//3CH2). 0.85 ^s.9 
H (CH3)3Q. 0.06 (s. 3 H. Si(CH3>2). 0.03 (s. 3 H. Si{CHyh); '^C N-\<R 
(125 7 MHz. CDCI3) d 215.3. 200.9. 71.3. 52.3, 48.5. 31-9. 25.8. 113, . 
20.4. 18.0. 7.5. -4.4. -4.9; FAB HRMS (NBA/Nal) m/e 309-l3C-i, 
M + Na+ calcd for CijHjoO^Si 309.1862. 

KrtoAcid9. Oxidation of Keto Aldehyde 20. Aldehyde 20 . 2j56 
g 10mmol).^uOH(50mL.0-2M).tsobutylene(20mL.2M5olT33CB ^ 
in THF. 40 mmol. 4.0 equiv), H2O (10 mL), NaCKDi (2 71 g. >iO ; 
mmol. 3.0 equiv). and NaHzPO* (L80 g, 15.0 mmol. 1.5 equiv^jMS : 
combined and stirred at room lemperanire for 4 h. The reacuon rarcarc i 
was concentrated under reduced pressure, and the residue was subrfe»i 
to flash column chromatography (silica gel. 50% ether in hexaces^ » J 
produce pure keto acid 9 (2.81 g. 93%): Rf = 0.12 (sUica geL i 
ether in hexanes); [apD+l6.1 (c 1 .0. CHO,); IR (thin film) w^^^^^ : 
2858 1710. 1467. 1254. 1093, 834 cm-'; »H NMR (600 MHz. CEOi) J 
4 4 46 (dd y = 7.0. 3.6 Hz. 1 H. CHOSi). 2.64-2.34 (m, 3 H. C^r : 



CH3, CH2COOH)] 2.32 (q, J = 7.0 Hz, I H; CW2CH3). I 



.13 tsw 5 BL 



5 (NBA- m^ei 
21'* »5I_5 5,] 



CiCHM. 11 1 (s, 3 H, C(CH3h). 0.99 (t. / = 7.0 Hz, 3 H. Cif..C3,i : 
0 83 (s, 9 H. (CH3)3C), 0-04 (s, 3 H. Si(CH5h). 0.03 (s, 3 H. Si*Of= ; 
"C NMR (1257 MHz,^X)a,) 6 215.1, 178.2. 73.4, 52.4. 39JL 51^ ] 
25.8, 20.8. 20.5. 18.0. 7.6. -4.5. -5.0; FAB HRMS (NBA 
303.1996. M + H* calcd for CijHjcOsSi 303.1992 

Aldehyde 22. Reduction of Ester 21. Ethyl ester 
0.306 mol) was dissolved in CH^Ch d L) and cooled to 
DIBAL (490 0 mL, I M solution in CHtOi. 0.4896 mol. l.^ =1:?^ 
was added dropwise via a cannula while die temperature of the 
mixture was maintained at -78 'C. After the addition was cv— 
the reacuon mixture was stirred at the same temperature 
completion was verified by TLC (ca. 1 h). Methanol (100 5 
added at -78 ""C and was followed by addition of EtOAc x 
sanirated aqueous NH.CI solution (300 mL). The quenched 
mixmre was aUowed to warm to room temperature and sdnrd xar 
h. The organic layer was separated, and the aqueous pccse 
extracted with EtOAc (3 x 200 mL). The combined or>2a=3r 
was dried over MgSO*, filtered, and concentrated under ri^a^ 
pressure. Flash column chromatography (silica gel. 10 — >^-Vr 
in hexanes) furnished the desired aldehyde 22 (33.6 g. 90-c J£- < 
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0.68 (silica gel. cthcr); IR (thin film) 3095, 2828. 1695. 1485, 
1437, 1378. 1334. 1 178, 1 129. 101 1 cm"'; 'H NMR (500 MHz. CDCI3) 
6 9.96 (s. 1 H, CHO), 8.0 (s. 1 H, SCH-C). 2.77 (s, 3 H. N-<:(S)- 
CH3): »^ NMR (125.7 MHz, CDCI3) 6 184.2. 167.5. 154.8. 128.0. 
19.1; FAB HRMS {^MHbS) m/e 149.9992. M + Na+ calcd for C3H5- 
NOS 149.9990. 

AJdehyde 23. Aromatic aldehyde 22 (31.1 g. 0.245 mol) was 
dissolved in benzene (500 mL). and 2-(triphcnylphosphoranilidcnyl)- 
propionaldehyde (90.0 g, 0.282 mol. 1.15 equiv) was added. The 
reaction mixture was healed at reflux until the reaction was complete 
as judged by TLX: (ca. 2 h). Evaporation of the solyent under reduced 
pressure followed by flash column chromatography (10 — 90% ether 
in hexancs) produced the desired aldehyde 23 (40.08 g. 98%): /?/ = 
0.78 (silica gel. ether): IR (thin film) 3089. 1675, 1624. 1190. 
1141. 1029. 947.6, 881 cm"'; »H NMR (500 MHz, CDO,) d 9.57 (s. 
1 H. CHO). 7.46 (s. I H). 7.26 (s, I H). 2.77 (s. 3 H. N-C(S)CH3). 
2.20 (s, 3 H, CH-<:(CHO)C//j); NMR (125.7 MHz, CDOj) 6 
195.3. 165.7. 151.9, 140.9, 138.2. 122.6, 19.2, 10.9: FAB HRMS (NBA) 
m/€ 168.0481. M + calcd for CsHqNOS 168.0483. 

Alcohol 24. Allyiboration of Aldehyde 23. Aldehyde 23 (20.0 g, 
0. 1 20 mol) was dissolved in anhydrous ether (400 mL), and the solution 
was cooled to -100 ''C, (+)-Diisopinocamphcylallylboranc (1.5 equiv 
in pcntane, prepared from 60.0 g of (-)-Ipc2BOMc and 1.0 equiv of 
allylmagnesium bromide according to the method described for the 
synthesis of alcohol 18),'* was added dropwise under vigorous stirring, 
and the reaction mixture was allowed to stir for 1 h at the same 
temperature. Mcthaool (40 mL) was added at -100 ^'C, and the rcacaon 
mixture was allowed to warm to room temperature. Aminocthanol 
(72.43 mL, 1.2 mol, 1 0.0 equiv) was added, and stirring was continued 
for 15 h. The workup procedure was completed by the addition of 
saturated aqueous NHlCl solution (200 mL). extraction with EtOAc 
(4 X 100 mL). and drying of the combined organic layers with MgS04. 
Filtration followed by evaporation of the solvents under reduced 
pressure and flash column chromatography (silica gel. 35% ether in 
hexancs for several fractions until all the boron complexes were 
removed; then 70%.r(hrr in hfTanes) provided alcohol 24 (24.09 g. 
96%): Rf= 0.37 (60% ether in hexancs); [aj^o -20.2 (c l.O, CHCh); 
IR (thin film) 3357, 2923, 1642, 1505. 1437, 1322, 1186, 1018, 
914. 878 cm-'; 'H NMR (600 MHz. CDQ,) 6 6.81 <s. 1 H, SCH-C). 
6.46 (s. 1 H. C//-CCH3), 5.87-5.79 (m, 1 H, C//-CH2), 5.02 (d. J 
= 17.1 Hz. 1 H. CH-CA/;), 4.97 (d. / = 10.3 Hz, I H. CH«CW:). 
4.12 (dd, J = 7.8. 5.0 Hz, 1 H, C/fOH), 3.8 (bs, 1 H. OH), 2.59 (s, 3 

H. N-<:(S)CH3). 2.31 (dd, J = 7.0, 6 J Hz, 2 H, CH2-CHC//2), 1-91 
(s, 3 H, CH-Ca¥3); NMR (150.9 MHz, CDCh) d 164.5, 152.5. 
141.8, 134.8, 118.7, 117.1. 115.1. 76.3. 39.8. 18.8, 14.1; FAB HRMS 
O^A) mJe 210.0956, M -h H^ calcd for CuHisNOS 210.0953. 

Compound 25. SUytadon of Alcohol 24. Alcohol 24 (7.0 g. 0.033 
iiol) was dissolved in DMF (35 mL, 1.0 M), the soluuon was cooled 
o 0 **C, and imidazole (3.5 g. 0.050 mol, 1.5 equiv) was added. After 
stirring for 5 min, rerr-butyldimethylsilyl chloride (6.02 g, 0.040 mol. 

I. 2 equiv) was added portionwise and the reaction mixture was allowed 

0 stir at 0 *C for 45 min, and then at 25 "C for 2,5 h, after which time 
lO starting alcohol was detected by TLC. Methanol (2 mL) was added 
K 0 **C, and the solvent was removed under reduced pressure. Ether 
\QO mL) was added followed by saturated aqueous NH4CI solution 
20 mL), the organic phase was separated, and the aqueous phase was 
xtracted with ether (2 x 20 mL). The combined organic solution 
-as dried (MgSO*) and filtered over Celite, and the solvents were 
emoved under reduced pressure. Flash column chromatography (silica 
el, 10 -* 20% ether in hexanes) provided pure 25 (10.8 g, 99%): Rf 

0.70 (40% ether in hexanes); [apo +1.39 (c 3.0. CHCI3); IR (thin 
dm) 2931, 2060, 1496, 1460, 1249. 1173. 1073. 908, 837. 779 
m-'; 'H NMR (600 MHz, CDOj) 6 6.91 (s, 1 H, SCH-C), 6.45 (s, 

H, C//-CCH3). 5.80-5.75 (m, 1 H, CZ/f-CHj). 5.03 (ddd, 7 = 17. 1 . 
.5. 1,5 Hz, 1 H. CH— CW,). 4.99 (ddd, / =^ 10.2, 2.1. 0.9 Hz, I H, 

H-<://j). 4.14 (dd, J = 6.6, 6.1 Hz. 1 H. C/fOH). 2.69 (s. 3 H. N-C- 
S)CH3), 2.37-2.32 (m, 1 H, CH2-CHC//2). 2.31-2.25 (m, 1 H, 

H2-CHC//2), 1.99 (s. 3 H, CH-CC//3). 0.88 (s. 9 H, SiC(CH3))). 

05 (s. 3 H, Si(CH3)2). 0.00 (s, 3 H, Si(CH3)i): '^C NMR (150.9 MHz, 

DQa) 6 165.2, 153.9, 142.9, .136.2, 119.7. 117.4. 115,9. 79.3. 42.1. 
6./ 20.1, 19.0, 14.8, -3.8, -4.1; FAB HRMS (NBA)m/f 324.1804. 

1 + H" calcd for C,7Hr>NOSSi 324.1817. 



/. Am. Chem, Soc, Vol. ! 19, No. 34, 1997 7981 

Aldehyde 15. Dihydroxylation of Olefin 25 and 1,2 Glycol 
Cleavage. Olefin 25 (16.7 g, 51.6 mmol) was dissolved in THF/*- 
BuOH (1:1. 500 mL) and H2O (50 mL). 4-McthylmorphoIine .V-oxide 
(NMO) (7.3 g. 61.9 mmol. 1.2 equiv) was added ai 0 ^C. followed by 
OSO4 (5.2 mL, solution in 'BuOH 1.0 mol %, 2.5% by weight). The 
mixture was vigorously stirred for 2.5 h at 0 *C and then for 12 h at 
25 *C, After completion of the reaction. Na2S03 (5.0 g) was added at 
0 °C. followed by H2O (100 mL). Stirring was continued for another 
30 min, and then ether (1 L) was added, followed by saturated aqueous 
NaCI solution (2 x 100 mL). The organic phase was separated, and 
the aqueous phase was extracted with cthcr (2 x 100 mL). The 
combined organic extracts were dried (MgS04) and filtered, and the 
solvents were removed under reduced pressure. Bash column chro- 
matography (silica gel. ether — EtOAc) provided 17.54 g (95%) of 
the expected 1 .2-diol as a 1 : 1 mixture of diastcrcoisomcrs: Rf - 0.55 
(silica gel, EtOAc); IR (thin film) 3380. 2931. 2856. 1656. 1505, 
1465, 1460. 1254. 1187. 1073. 908. 837. 777 cm''; 'H NMR (500 
MHz, CDCI3) 6 6.90 and 6.88 (singlets. I H total. SCH-C). 6.52 and 
6.47 (singlets. 1 H total. C//"CCH,), 4.44-4.39 (m. 1 H), 3.95-3.84 
(m. 1 H). 3.81-3.72 and 3.63-3.34 (m. 4 H total). 2.66 and 2.65 
(singlets. 3 H total, N«C(S)CH3), 1.96 and 1.95 (singlets. 3 H total). 
1.82-1.75 and 1.69-1.56 (m, 2 H total), 0.87 and 0.86 (singlets, 9 H 
total, SiC(CH3)3). 0.08 and -0.01 (singlets, 3 H total, Si<CH3)2), 0.07 
and O.IO (singlets. 3 H total. Si(CH3)2); '^C NMR (125.7 MHz. CDCIj) 
6 164.6. 164.5. 152.8. 152.4, 141.6. 141.5, 1194. 118.4. 115.3, 115.2. 
78.0, 75.4. 70.4, 68,8, 66.8. 66.5, 38.9. 38.7, 25,7. 19.0. 18.9. 18.0. 
17.9. 14.6, 13-5, -4.6. -4.8, -5.2. -5.4; FAB HRMS (NBA/Nal) mie 
380.1699. M + Na^ calcd for C,7H3,N03SSi 380.1692. 

The diol obtained from 25 as described above (5.2 g. 14.5 mmol) 
was dissolved in EtOAc (150 mL) and cooled to 0 *C. Pb(OAc)4 (8. 1 
g, 95% purity. 18.3 mmol, 1.2 equiv) was then added portionwise over 
10 min, and the mixture was vigorously stirred for 15 min at 0 "C, 
After completion of the reaction, the mixture was filtered through silica 
gel and washed with 60% ether in hexancs. The solvents were then 
removed under reduced pressure providing pure aldehyde 15 (4.7 g. 
98%): Rf = 0.76 (silica gel. 60% ether in hexanes); [aJ"o -20.3 (c 
1.4, CHCI3); IR (thin film) v™, 2931. 2856. 1726, 1504, 1466. 1389. 
1254. 1 182. 1087. 999. 839, 784 cm"'; 'H NMR (500 MHz, CDCIj) 6 
9-69 (dd. J ~ 2.1, 2.2 Hz, 1 H. CHO), 6,86 (s, I H. SCH-Q, 6.48 (s, 
1 H, C//-CCH3), 4.60 (dd. J = 8.2, 3.9 Hz, I H. CHOSi), 2.64 (ddd, 
J = 15.5, 8.3. 2.9 Hz. I H, CHOCHi), 2,59 (s. 3 H. N-C(S)CH3), 
2.41 (ddd, J = 15.5, 4.0. 2.0 Hz, 1 H, CHOC//:). 195 (s, 3 H. 
CH«=<:C//j), 0,79 (s. 9 H. SiC(CH3)3). 0.00 (s, 3 H. SKCH,),). -0.06 
(s, 3 H, Si(CH3)2); NMR (125.7 MHz, CDOj) 6 201.0. 164.5. 152.4. 
140.3. 119.0. 115.8. 73.7. 49.9, 25.6. 18,9. 17,9. 13.9, -4.8. -5.4; 
FAB HRMS (NBA) mJe 326,1615. M + H+ calcd for Ci^HirNOSSi 
326.1610, 

Alcohol 26. Reduction of Aldehyde 15. A soluuon of aldehyde 
15 (440 mg. 1.35 mmol) in MeOH (13 mL) was treated with NaBRi 
(74 mg, 2.0 mmol, 1.5 equiv) at 0 **C for 15 min. The solution was 
diluted with ether (100 mL). and then samraied aqueous NH<a solution 
(5 mL) was carefully added. The organic phase was washed with brine 
(10 mL). dried (MgS04), and concentrated. Flash column chromatog- 
raphy (silica gel, 60% ether in hexancs) gave alcohol 26 (425 mg, 96%) 
as a colorless oil. 26; Rf = 0.52 (silica gel. 60% ether in hexanes); 
(apo -29.4 (c 0.8. CHC\i)y^ (thin film) v«„ 3362, 2950, 2856, 
1656. 1505. 1466, 1362. 125< 1 186. 1075. 839. 777 cm"'; »H NMR 
(500 MHz, CDQj) 6 6.86 (s, 1 H, SCH-C). 6.40 (s, I H, 0/«CCH3). 
4,30 (dd, J = 7.6, 5.3 Hz, 1 H. CHOSi). 3.69-3.59 (m. 2 H. CA/2OH), 
3.15 (s, 1 a OH), 2.61 (s, 3 H. N-C(S)CH3), 1.92 (s, 3 H, CH-CC//j), 
1.82-1.76 (m, 1 H, C//2CH2OH), 1.73- 1.67 (m. 1 H, C/Z^CH^OH), 
0.82 (s, 9 H, SiC(CH3)3), 0.02 (s, 3 H. Si(CH3)2). -0.05 (s, 3 H, Si- 
(CH3)a); 'H: NMR (150.9 MHz. CDCI3) 6 164.3. 152.7, 141.6. II8.5. 
1 15.I. 76.6, 59.6, 38.3. 25.8. 18.9. 18.0. 14.0. -4.8. -5.4; FAB HRMS 
(NBA/CsI) m/tf 460.0727. M + Cs^ calcd for Ci6H:r9N02SSi 460.0743. 

Iodide 27. lodination of Akohol 26. A solution of alcohol 26 
(14.0 g, 42.7 mmol) in ether: McCN (3:1. 250 mL) was cooled to 0 
**C. Imidazole (8.7 g. 128.1 mmol. 3.0 equiv). Ph3p (16.8 g, 64.1 mmol. 
1.5 equiv). afid iodine (16.3 g. 64.1 mmol. 1.5 equiv) were sequendally 
added, and the mixture was stirred for 0.5 h at 0 **C. A saturated 
aqueous solution of NajS703 (50 mL) was added, followed by the 
addition of ether (600 mL). The organic phase was washed with brine 
(50 mL) and dried (MgSO*), and the solvents were removed under 
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vacuum. Rash column chromatography (silica gel, 15% eiher in 
hcxajies) gave pure iodide 11 (16.6 g, 89%) as a colorless oil: Rt = 
0.40 (silica gel, 10% ether in hexanes); [aj^o +11-0 {c 1.0. CHCI3); 
IR (thin film) 2951. 2856. 1503. 1466, 1253, 1179. 1081. 936, 
884. 836. 777 cm"*; 'H NMR (600 MHz, CDC!,) 6 6.90 (s. I H. 
SCH«=C), 6.53 (s, I H, C//-CCHj), 4.19 (dd, J = 7.7, 4.5 Hz, I H, 
CHOSi). 3.18 (t, y = 7.3 Hz, 2 H. CHzO. 2,67 (s. 3 H. N-C(S)CHj), 
2.10-2.05 (m, 1 H. C//2CH2O. 2.01-1.95 (m, I H, CH^Q\i^\\ 1.99 
(s. 3 H. CH-CC//3). 0.87 (s. 9 H. SiC(CH3)3), 0.09 (s. 3 H, Si(CH))2), 
0.00 (s. 3 H. Si(CH,)2); '^C NMR (150.9 MHz, CDOj) 6 164.4. 152.7. 
140.9. 119.3. 115.4.78.0, 40.2.25.8, 19.2. 18. 1, 13.9. 3.1. -4.6. -5.0; 
FAB HRMS (NBA) mie 438.0768, M + H+ calcd for C,6H2BlNOSSi 
438.0784. 

Pbospbofuum Salt 12. A mixture of iodide 27 (16.5 g. 37.7 mmol) 
and PhjP (10.9 g. 41.5 mmol, 1.1 equiv) was heated neat at 100 X for 
2 h. Purification by flash column chromatography (silica gel, CH^CIj; 
then 7% MeOH in CH2CI2) provided phosphonium salt 12 (25.9 g. 
98%) as a white solid: /?/= 0.50 (silica gel. 7% McOH in CH2CI2); 
[apo +3.7 (cO.7. CHCI3); IR (thin film) 2951. 2856. 1503. 1466. 
1253, 1179, 1081. 936. 884. 836. 777 cm"'; 'H NMR (600 MHz. 
(HXh) <5 7.78-7.28 (m. 15 H, aromauc). 6.97 (s. 1 H. SCH-Q, 6.57 
(s. I H, C//-CCH3). 4.48 (dd, J = 6.3, 4,8 Hz, 1 H, CHOSi). 3.72- 
3.65 (m. I H, CH2P). 3.31-3,25 (m, 1 H. CHjP), 2.61 (s, 3 H, N-C- 
(S)CH3). 1.91 (s. 3 H. CH— CCf/3). 1.95-1.86 (m. 1 H. QH^C\\{?\ 
1.82-1.74 (m. I H. C//2CH2 P). 0.83 (s. 9 H, SiC(CH3)3). 0.07 (s. 3 
H. St(CHj)2). -0.02 (s. 3 H. Si(CH3)2): '^C NMR (150.9 MHz. CDCI3) 
<5 164.4. 152-3. 139.4. 135.1. 133,3. 133.2. 130.5. 130.4, 128.1. 119.8, 
117.9. 117.3. 116.5, 76.0, 28.9. 25.7, 19.1. 18.4. 1T.9, 14.5, -4.8. 

Hydrazone 28. Afkylathra of Uydrazone 13. Hydrazone 13'* 
(20.0 g. 1 1 7.0 mmol, 1 .0 equi v). dissolved in THF (80 mL). was added 
to a freshly prepared^lution of LDA [19.75 mL of diisopropyl amine 
(141.0 mmol, 1.2 equiv) was added to a solution of 88.1 mL of 1.6 M 
solution of n-BuLi in hexanes (141 mmol. 1.2 equiv) in 160 mL of 
THF al 0 **C] at 0 'C. After the mixture was stirred at this temperature 
for 8 h, the resulting yellow solution was cooled to -100 '^Q and a 
solution of 4-iodo- 1 -(bcnzyloxy)butane (36.0 g..l24iljnmoL-1.2 equiv) 
in THF (40 mL) was added dropwise over a period of 30 min. The 
mixture was allowed to warm to room temperature over 8 h and was 
then poured into saturated aqueous NH4CI solution (40 mL) and 
extracted with ether (3 x 200 mL). The combined organic extracts 
were dried (MgS04). filtered, and evaporated. Purification by flash 
column chromatography on silica gel (20% ether in hexanes) provided 
hydrazone 28 as a yellow oil (35.8 g, 92%. dc > 98% by 'H NMR): 
Rf - 0.45 (silica gel. 50% ether in hexanes); [aPo -55.0 {c 1.2. 
CHQ,); IR (thin film) v«« 2929.-2862, 1603. 1455. 1362, 1 198. 1 108. 
737. 698 cm-'; 'H NMR (500 MHz, CDOj) 6 7.33 (s. 5 H, Ph). 6.48 
(d, J = 6.5 Hz, 1 H, CH-NN). 4.46 (s. 2 H, CHiPh). 3.54 (dd. J - 
9.0. 3.8 Hz, 1 H, C//2OCH3), 3.44 (t. 7 = 6.5 Hz. 2 H. CHjOBn). 3.40 
(dd. J = 9.0. 6.8 Hz, 1 H. CHiOCHy), 3.33 (s, 3 H, OCH3), 2.65 (m. 
1 H. CT/CHzOCHj). 2,29 (m, I H. C//(CH3)C-N). 1.94-1.76 (m. 4 
H). 1.61 (m. 2 H), 1.45-1.36 (m, 6 H), 1,01 (d. / = 6.8 Hz, 3 H, 
CHC//3); '^C NMR (125.7 MHz, CDClj) d 144.6. 138.6, 128.2. 127.5. 
127.3. 74.7, 72-7. 70.2. 63.4. 59.1. 50.4. 37.0. 35.2. 29.7, 26.4. 23.7, 
22.0, 18.9: FAB HRMS (NBA) m/e 333.2552. M + H* calcd for 
C2oH32Na02 333.2542. 

Aldehyde 29. Cleavage of Hydrazone 28. Procedure A: A 
solution of hydrazone 28 (13.0 g. 39.1 mmol) in CH2O2 (50 mL) was 
treated with ozone at —78 **C until tht solution turned blue-green. The 
solution was purged with oxygen for 2 min at -78 °C. allowed to 
warm to room temperature, and then concentrated. The crude mixture 
so obtained was purified by flash column chromatography (silica gel. 
10% ether in hexanes) to give aldehyde 29 (6.6 g. 77%) as a colorless 
oil. Procedure B: A soluUon of hydrazone 28 (30 g. 90.3 mmol) in 
Mel (100 mL) was heated at 60 "C. After 5 h, the reaction was 
complete (TLQ and the mixture was concentrated. The resuidng crude 
product was suspended in n-pentane (360 mL) and was treated with 3 
N aqueous HO (360 mL). The twophase system was vigorously stirred 
for 1 h, and the aqueous phase was extracted with n-pentane (3 x 200 
mL). The combined OT;ganic solution was dried (MgS04). concentrated, 
and purified by flash column chromatography (silica gel, 10% ether in 
hexanes) to give 29 ( 1 7. 1 g, 86%): R/ = 0.49 (silica gel, 50% ether in 
hexanes); (aj^o +1 1.6 (c 1.7, CHQj); IR (thin film) 2932. 2856, 
1715. 1450. 1361. 1272. 1202. 1102, 920. 732. 697 cm'': ' H NMR 
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(500 MHz. CDCIj) d 9.60 (d. J = 2.0 Hz, I H. CHO). 7.34 (s, 5 H, 
Ph), 4.50 (s, 2 H, CHjPh). 3.47 (i. J = 6.5 Hz. 2 H. CHiOBn). 2.33 
(m, 1 K. CHiCHyKQ), 1.75- L69 (m. 1 H). 1.65-1.61 (m, 2 H^, 1.49- 
1.34 (m. 3 H), 1-08 (d. J = 7.0 Hz, 3 H. CHC//3): '^C NMR (125.7 
MHz. CDCI3) 6 205.0. 138.4, 128.2, 127.5. 127.4. 72.8. 69.9. 46.1. 
30.1. 29.6, 23.6, 13.2; FAB HRMS (NBA) m/e 221.1538, M -h H* 
calcd for C^H^Oz 221.1542. 

Alcohol 30. Reduction of Aldehyde 29. A solution of aldehyde 
29 (17.0 g, 77.0 mmol) in MeOH (200 mL) was treated with NaBH, 
(8-6 g, 228 mmol. 3.0 equiv) at 0 **C for 15 min. The solution was 
then diluted with ether {4O0 mL), and saturated aqueous NH4CI solution 
(50 mL) was carefully added. The organic phase was washed with 
brine (50 mL). dried (MgSOi), and concentrated. The crude product 
was purified by flash column chromatography (silica gel, 40% ether 
in hexanes) to give alcohol 30 (16.8 g. 98%) as a colorless oil: R/ = 
0.23 (silica gel, 50% ether in hexanes): (a]^D -5.1 (c 1.9, CHCb); IR 
(thin film) 3401, 2931. 2860. 1455. 1361. 1267. 1202. 1 102. 1037. 
937, 732. 697 cm"'; 'H NMR (500 MHz, CDCI3) d 7.35 (s, 5 H. Ph), 
4.51 (s. 2 H, CHaPh). 3.50 (dd. 7 = 1 1.0. 6.0 Hz. 1 H. CW:OH). 3.48 
(t, J = 6,5 Hz, 2 H. CHiOBn). 3.42 (dd, 7 = 1 1.0. 6.5 Hz, I H, C//r 
OH). 1.65-1.59 (m, 2 H). 1.47- 1.34 (m. 4 H), 1.15-1.12 (m. 1 H). 
0.91 (d. J = 6,7 Hz. 3 H, CHCH3); '^C NMR (125.7 MHz. CDOj) d 
138.6, 128.2, 127.6. 127.3.72.9.70.3.68,1.35.7, 32.9, 30.1.23.6, 14.1: 
FAB HRMS (NBA) m/e 223.1705, M + H* calcd for C,4H::02 
223.1698. 

Silyl Ether 31. SUylation of Alcohol 30. Alcohol 30 (17.0 g. 76.0 
mmol) was dissolved in CHjCh (350 mL), die solution was cooled to 
0 X and EtaN (21,2 mL. 152.0 mmol. 2.0 equiv) and 4-DMAP (185 
mg, 1.52 mmol. 0.05 equiv) were added. After the mixture was stirred 
for 5 min, w/t-butyldimethylsilyl chloride (17.3 g, 1 15 mmol. 1.5 equiv) 
was added portionwise and the reaction mixture was allowed to stir at 
0 *C for 2 h and then at 25 *C for 10 h. Methanol (20 mL) was added 
at 0 *'C, and the solvents were removed under reduced pressure. Ether 
(200 mL) and saturated aqueous NRtCl solution (30 mL) were 
sequentially added, aiui the organic phase was separated. The aqueous 
phase was extracted with ether (2 x 100 mL). and the combined organic 
layer was dried (MgSO*). filtered, and concentrated under reduced 
pressure. Purification by flash column chromatography (silica gel. 59c 
ether in hexanes) provided pure silyl ether 31 (24.4 g. 95%): Rf — 0.54 
(silica gel, 10% ether in hexanes); [aJ^D -2.3 (c l.l, CHCI3); IR (thin 
film) 2931. 2860, 1461. 1361. 1249. 1091, 839. 773, 738 cm"': 
'H NMR (500 MHz, CDOj) d 7.35 (s, 5 H, Ph). 4.51 (s, 2 H. CH:Ph), 
3.48 (I. J = 6,5 Hz. 2 H. CMjOBn). 3.43 (dd. / = 10.5, 6.0 Hz. I H. 
CHzOSi). 3.36 (dd, J = 10.5. 6.5 Hz, I H. CH20Si), 1.64-1,60 (m. 3 
H), 1 .47- 1 .29 (m, 3 H), 1 . 1 5- 1 .05 (m. I H), 0.90 (s, 9 H. SiC(CH:.)j). 
0.87 (d, J = 6.8 Hz, 3 H, CHC//3), 0.043 (s. 3 H, Si(CH3)2). 0.O41 (s. 
3 H. Si(CH3)2); '^C NMR (125.7 MHz. CDCIj) d 138.6. 128.2. 127.5, 
127.3. 72.7. 70.3, 68.3. 35.6. 32,9. 30.0. 25.8. 23.5, 18.1, 16.6. -5.5; 
FAB HRMS (NBA) m/e 337.2553. M + H* calcd for C2oH?«02Si 
337.2563. 

Alcohol 32. Hydro^nolysis of Benzyl Ether 31. To a solution 
of benzyl ether 31 (21.0 g. 62,5 mmol) in THF (200 mL) was added 
10% Pd(0H)2/C (1.0 g). The reaction was allowed to proceed under 
an atmosphere of H2 at a pressure of 50 psi and at 25 **C (Parr 
hydrogenctor apparatus). After 15 tnin, no starting benzyl ether was 
detected by TLC and the fotxture was filtered through Celite. The 
clear solution was concentrated under reduced pressure, and the resulting 
crude product was purified by flash column chromatography (silica 
gel. 40% ether in hexanes) to give alcohol 32 (14.7 g, 95%) as a 
colorless oil: R/ = 0.32 (silica gel, 50% ether in hexanes); [a]-D -3.6 
(c 3.6. CHCI3); IR (thin film) v«« 3342. 2931. 2860. 1467. 1384. 1249. 
1085, 838, 773. 667 cm"'; 'H NMR (500 MHz. CDCl,) 6 3.63 (i. J = 
7.0 Hz. 2 H, C//2OH). 3.42 (dd, 7 = 1 l.O, 60 Hz. 1 H, CHzOSi), 3.35 
(dd, y = 1 1.0. 7.0 Hz, 1 H, CHiOSi), 1.57-1.53 (m. 3 H). 1.42-1.39 
(m. 3 H). 1.16-1.06 (m. 1 H). 0.88 (s, 9 H. SiC(CH3)3), 0.85 (d, / = 
6.5 Hz, 3 H, CHC//3). 0.03 (s, 3 H, Si(CH3):), 0.02 (s, 3 H. Si(CH3)2): 
'^C NMR (125.7 MHz, CDClj) 6 68.2. 62.7. 35.6. 32.9. 32.8. 25.7, 
23-0. 18.2. 16.5. -5.5; FAB HRMS (NBA) m/e 247.2097. M -r H* 
calcd for CuHjoOjSi 247,2093. 

Aldehyde 10. Oxidation of Alcohol 3Z To a solution of oxalyl 
chloride (5.6 mL. 65,0 mmol. 2.0 equiv) in CH2O2 (250 mL) was added 
dropwise DK\SO f9.2 mL. 130 mmol. 4.0 equiv) at -78 **C. After the 
mixture was stirred for 15 min, a solution of alcohol 32 (8.0 g. 32,0 
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mmol. 1.0 cquiv) in CHzCI; (50 mL) was added dropwisc ai -78 *C 
over a 15 min period. The solution was stirred for a further 30 min at 
-78 °C, and EcjN (27.1 mL. 194 mmol. 6.0 equiv) was added at the 
same temperature. The reaction mixture was allowed to warm to 0 **C 
over 30 min, and then ether (400 mL) was added, followed by saturated 
aqueous NH4a solution (100 mL). The organic phase was separated, 
and the aqueous phase was exuracicd with ether (2 x 300 mL). The 
combined organic solution was dried (MgSO*), filtered, and conccn- 
iratcd under reduced pressure. Purification by flash column chroma- 
tography (sUica gel, 20% ether in hexancs) provided aldehyde 10 (7.9 
g, 98%) as a colorless oil: /?/ = 0.64 (silica gel. 50% ether in hexanes)- 
[a]^o -5.1 (c 0-7. CHClj); IR (thin film) 2952. 2858, 1728 1466* 
1389. 1254. 1095, 841, 776 cm"'; 'H NMR (500 MH^, CDOj) <> 9 74 
(t, / = 1.5 Hx, I H. C^O), 3.39 (dd, J = 9.8, 6.1 Hz, I H. CHiOSi) 
3.36 (dd, y = 9.8, 6.3 Hz, 1 H. CH^OSi), 2.39 Cm, 2 H, C//:CHO). 
171-1.64 (m. I H), L61-lJ53(m. 2H), 1.44-1.38 (m, 1 H). I.ll- 
1.05 (m. 1 H), 0.87 (s, 9 H, SiQCH,),), 0.85 (d. J = 6.5 Hz, 3 H, 
CHCHy), 0.019 (s. 3 H, Si(CH,>2). 0.004 (s, 3 H, SiiCHM; '^C NMR 
(125.7 MHz, COaj) 6 202.7. 68.9. 44.1. 35.5. 32.6, 25.8. 23.0. 18 2 
16.5. -5.5; FAB HRMS (NBA) m/e 245.1932, M -h H* calcd for 
C,iHa02Si 245.1937. 

Alcohol 33. To a cold (0 ^'C) solution of aldehyde 10 (7.8 g, 32.0 
mmol) in THF (300 mL) was slowly added MeMgBr (l.O M solution 
in THF. 48.0 mL, 48.0 nmol. 1.5 cquiv). The reaction mixture was 
stirred for 15 min at 0 *'C, and then it was diluted with ether (500 mL) 
and quenched by carcfull addition of saiuraied aqueous NH4CI solution 
i\00 mL). The organic phase was washed with brine (100 mL), dried 
(MgS04), and concentrated. The crude product so obtained was purified 
Dy flash column chromatography (silica gel, 30% ether in hexanes) to 
?ive alcohol 33 (7.0 g. 84%) as a coloriessoil: = 0.38 (silica gel. 
'0% ether in hexanes)^ (thin film) 3352, 2931, 2858, 1465 
1384. 1253. 1096. 839.775 cm"'; 'H NMR (500 MHz, CDCI5) (5 3 79 
m, 1 H, C//(CH3)OH). 3.43 (dd, / = 9.8, 6.0 Hz. 1 H. CH^OSi) 3 36 
dd. J = 9.8, 6.8 Hz, 1 H. CHjOSi). 1.61-1.57 (m, 1 H), 1.47-1.35 
m. 4 H). 1.30-1.26 (m. I H), 1.19 (d, J = 6.1 Hz. 3 H. CH(OH)- 
-//j), 1.09- L05 (m, 1,H), 0.89 (s. 9 H, SiC(CH3)3). 0.86 (d, 7 = 6.7 
Iz, 3 H, CHCWj), 0.04 (s, 6 H, Si(CH3)2): '^C NMR (125.7 MHz 
DCh)^ 68.2. 67.9. 39.5, 35.6. 33.0, 25.9. 23.4. 23.1, 18.2, 166 -5 4- 
AB HRMS (NBA) m/g 261.2256, M + H+ calcd for C^HjiOiSi 
61.2250. 

Ketone 11. OxidaUoci of Alcohol 33. To a solution of alcohol 33 
/.O g. 27.0 mmol) in CHtOz (250 mL) were added molecular sieves 
1 A, 6.0 g), 4-niethylinorpboUne Moxide (NMO) (4.73 g, 40.0 mmol. 
.5 cquiv). and tetrapropylammonium pcrruthenate (TPAP) (189 mg. 

54 mmol. 0.02 equiv) at room temperature. After being stirred for 
5 min (depiction of starting material, TLC). the reacUon mixture was 
Itered through Celite and the solvent was removed under reduced 
ressurc. The crude product was purified by flash column chroma- 
^graphy (silica gel, 20% ether in hexanes) to give ketone 11 (6.6 g. 
5%) as a colorless oil: = 0.67 (silica gel. 50% ether in hexanes)' 
' J^D -4.5 (c 1 . 1 . CHCb); IR (thin film) v«„ 293 1 . 2849. 1 7 1 3. 1 46 1 
^55, 1249. 1161, 1091, 838. 773, 667 cm-; 'H NMR (500 MHz.' 
OCIj) 6 3.41 (dd, y = 9.8, 6.0 Hz, I H, CHjOSi). 3.36 (dd. / = 9 8 
3 Hz, 1 H. CHzOSi). 2.41 (m, 2 H, C//2COCH,). 2.13 (s, 3 h' 
OCH3). 168-1.48 (m, 3 H). 1.42-1.35 (m. 1 H). 1.09-1.00 (m, 1 
X 0.88 (s, 9 H. SiC(CH3)3). 0.86 (d. J = 6.7 Hz, 3 H, CHC//,). 0.03 
, 6 H. Si(CM,>2); '^C NMR (125.7 MHz, CDCI3) 6 209.8. 68.0. 43 9 
-.5. 32.6, 29.7. 25.8. 21.2. 18.2, 16.4, -5 5; FAB HRMS (NBA) m/e 
-9.2097. M + H* calcd for C,4H3o02Si 259.2093. 

Iodide 46. lodinatloa of Alcohol 32, A solution of alcohol 32 

8 g. 15.0 mmol) in ethcnMcCN. 3:1 (150 mL). was cooled to 0 ''C. 
lidazole (3.1 g, 45.0 mmol. 3.0 equiv), PhjP (5.9 g, 22.5 mmol. 1.5 
uiv), and iodine (5.7 g. 22.5 mmol, 1.5 equiv) were sequentially 
dcd, and the reaction mixture was stirred at 0 ^'C for 0.5 h. A 

orated aqueous solution of Na^SjO, (200 mL) was added followed 
th ether (200 mL). The organic phase was washed with brine (200 

) and dried (MgS04), and the solvents were removed under vacuum, 
c crude product was purified by flash column chromatography (siUca 
10% ether in hexanes) to give fwre iodide 46 (4.9 g, 91%) as a 
orless oil: /?/= 0.68 (silica gel. 10% ether irf hexanes): faj^o -4.3 
1.2. CrHCh): IR (thin film) 2929, 2860. 1461. 1386. 1248, 1090. 

774. 664 cm-'; 'H NMR (500 MHz. GDClj) 6 3,42 (dd J = 
0. 6.5 Hz. I H, CHaOSi). 3.38 (dd. J = 10.0. 6.0 Hz, I H. CHj- 



OSi), 3.19 (t. y = 7.0 Hz. 2 H. CH2D, 1.85-1.78 (m, 2 H). I.6I-1 55 
(m, I H). 1.47- 1.33 (m. 3 H). I.l0-I.02(m. I H. CH^), 0.89 (s, 9 H 
SiC(CH3)3). 0.87 (d, J = 6.7 Hz, 3 H. CHC//,). 0.04 (s. (5 H. SKCHOO" 
'^C NMR (125.7 MHz. CDClj) d 68.1. 35.4. 33.7, 31.8. 27.S. 25.8 
18.2. 16.5. 7.1. -5.5; FAB HRMS (NBA)m/f 2291983. M - Pealed 
for CjHwIOSi 2291988. 

Pbosphoniiun Salt 47. A mixture of iodide 46 (4.7 g. 13. 1 mmol) 
and PhjP (3.8 g. 14.4 mmol. 1.1 equiv) was heated neat at 100 °C tor 
2 h. Purification by flash column chromatography (silica gel, CH:Ch 
— 7% MeOH in CHiCh) provided phosphonium salt 47 (7.4 g. 91%) 
as a white solid: = 0.42 (silica gel. 5% MeOH in CHsQ.); [aj-o 
-7.3 (c I.5.CHC13);IR (thin film) v^^ 2931.2849. 1578. 1461. 1431. 
1243, 1 184. 1 102. 997. 914. 838, 720. 685. 532, 503 cm"'; >H NMR 
(500 MHz. CDOj) 6 7.82-7.77 (m. 9 H. Ph), 7.74-7.68 (m. 6 H 
Ph), 3.62 (dt, J = 12.5, 8.0 Hz. 2 H. CH.P). 3.34 (dd. / = 9 5 6 5 Hz 
1 H, CHzOSi). 3.30 (dd. J = 9.5, 6.5 Hz, I H. CH:OSi). 1.69-1.55 
(m.4 H), 1.50-1.46 (m, 1 H). 1.39-1.32 (m. 1 H). I.IO-I.OI (m 1 
H). 0.83 (s, 9 H. SiC(CH3)3). 0.79 (d, J ^6.6 Hz. 3 H. CHCHA -0.04 
(s, 6 H, Si(CH3)2); >^CNMR(125-7 MHz.CDaj)^ 135.0. 133.6. 1335 
133.2, 130.5. 130.4, 68.0. 35.2, 32.4. 27.8. 25.8. 23.2. 2Z7. 18 2 16 4 
-5.5. 

Olefin 34. Method A. From Phosphonium Salt 12 and Aldehyde 
10: Phosphonium salt 12 (13.60 g. 19.4 mmol, 1.2 equiv) was dissolved 
in THF (80 mL. 0.2 M). and the solution was cooled to 0 "C. Sodium 
hexamethyldisilylamide (NaHMDS. 19.4 mL. 19.4 mmol. 1.0 M 
solution in THF, 1.2 equiv) was slowly added, and the resulting mixture 
was stirred for 15 min before aldehyde 10 (3.96 g, 16.2 mmol, 1.0 
cquivc^in 10 mL of THF) was added at the same temperature. Stirring 
was continued for another 15 min at 0 "C and then, the reaction mixture 
was quenched with saturated aqueous NlUCl solution (25 mL). Ether 
(250 mL) was added, and the organic phase was separated and washed 
with brine (2 x 40 mL), dried (MgS04), and concentrated under vacuo. 
The crude product was purified by flash column chromatography (silica 
gel. 10% ether in hcxane) to afford olefin 34 (6.70 g. 77%) as a mixture 
of Z- and £-isomers (ca. 9:1 by 'H NMR). Method B. From 
Pho sphonium Salt 47 and Aldehyde 15: Phosphonium salt 47 (7.40 
g7ri.96 mmoT, 1.2 equiv) was dissolved in THF (120 mL. 0.1 M), 
and the solution was cooled to 0 **C. Sodium hexamethyldisilylamide 
(NaHMDS. 1 1.96 mL, 1 1.96 mmol, 1 .0 M solution in THF, 1 .2 equiv) 
was slowly added at the same temperature, and the resulting mixture 
was stinred for 15 min. before aldehyde 15 (3.20 g. 9.83 mmol, 1.0 
cquiv. in 20 mL of THF) was slowly added. Stirring was condnued 
for another 15 min at 0 "C. and then the mixture was quenched with 
saturated aqueous NH4CI solution (150 mL). Ether (200 mL) was 
added, and the organic phase was separated and washed with brine (2 
X 150 mL). dried (MgS04), and concentrated under reduced pressure 
to afford the crude product Flash column chromatography (silica gel. 
10% ether in hexane) furnished olefin 34 (3.65 g. 69% yield) as a 
mixture of Z- and E-isomers (ca. 9: 1 by 'H NMR): /?/ = 0.75 (silica 
gel. 50% ether in hexane); [a]^''o -^4.0 (c 0.5. CHCI3); IR (thin film) 
vm« 2930, 2856. 1465. 1388. 1253, 1089. 939, 838 cm"'; 'H NMR 
(500 MHz. CDClj) (signals for the Z-isomer (34) only reported) 6 6 92 
(3, I H, SCH-C). 6.46 (s, 1 H, C//-CCH3), 5.49-5.31 (m, 2 H 
CH-CH). 4.12 (dd, J = 6.5. 6.4 Hz. I H, CHOSi). 3.44 (dd, J = 9.8 
5.8 Hz, I H, CHiOSi). 3.34 (dd. J = 9.8, 6.8 Hz, 1 H. CHjOSi). 2 71 
(s, 3 H. N-C(S)CH3), 2.39-2.24 (m, 2 H, CHzCHOSi), 2.00 (s, 3 H, 
CH-CC^f3). 2.05-1.96 (m. 2 H). 1.59-1.51 (m. 1 H), 1.42-1.23 (m, 
3 H), 1.10-0.98 (m, 1 H), 0.89 (s, 18 H, SiC(C:H3)3), 0.85 (d, / = 6.8 
Hz, 3 H, C//3CH). 0.06 (s. 3 H, Si(CH,>2), 0.04 (s, 6 H, Si(CH3);) 
0.01 (s.3H,Si(CH3)2): '^C NMR (150.9 MHz, CDC I,) d 164.3. 153.1. 
142.2. 131.4, 125.7. 118.8, 114.9, 78.7. 68.3. 35.7. 34.6, 32.9, 27 8 
27.1. 25.9, 25.8, 19.2, 18.3. 18.2. 16.7. 13.9, -4.7. -4.9. -5 4- FAfl 
HRMS (NBA) m/e 538.3582. M + H* calcd for CwHjjNC^SSi. 
538.3570. ' ' 

Alcohol 35. Compound 34 (1.77 g, 3.29 mmol) was dissolved in 
CHi02:MeOH (1 : 1 , 66 mL), the solution was cooled to 0 "C. and CSA 
(764 mg, 3.29 mmol. 1.0 equiv) was added over a 5 min period. The 
mixture was stirred for 30 min at 0 and then for I h at 25 *'C- EtjN 
(2.0 mL) was added, and the solvents were removed under reduced 
pressure. Flash column chromatography (silica gel, 50% ether in 
hexancs) ftjmished the desired alcohol 35 (1.2 g. 86%): /?/ = 0.72 
(silica gel. 80% ether in hexancs); (apo +11 (c 1.0. CHa3): IR (thin 
film) 3370. 2923, 2857. 1464. 1384. 1253. 1185. 1074. 836. 776 
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cm-': 'H NMR (500 MHz. CDOj) d 6.91 (s. 1 H, SCH^-C), 6.44 (s, 
I H. CH— CCHj). 5.45-5.32 (m, 2 H. CH-CH). 4,12 (dd, / = 6.5, 

6.4 Hz. 1 H. CHOSi). 3.46 (dd, J = 10.5, 5.9 Hz, I H. C//:OH), 3 37 
(dd. J = 10.5. 6.5 Hz, i H, CH2OH). 2.68 (s. 3 H, N-C(S)CH3). 2.39- 
2.21 (m, 2 H, C/ZzCHOSi). 2.21 (s. I H. OH). 1 .98 (s. 3 H. CH-CC/fi). 
2.05-1.95 (m. 2H). 1.59-1.51 (m, I H), 1.42-1.23 (m, 3 H). I.IO- 
0.98 (ra, 1 H), 0.88 (d, y = 6.5 Hz, 3 H, C//3CH). 0.87 (s. 9 H. SiC- 
(CHj))). 0.05 (s. 3 H. 81(013)2), -0-01 (s. 3 H. Si(CH5)2); '^C NMR 
(125-7 MHz, CDCh) d 164.4, 152.9. 142.2, 131.2. 125.8, 1 18.7, 1 14.8. 
78,6, 67.9, 35.5. 34.6, 32.7, 27.5. 26.9. 25.8, 25,7, 18.9, 16.5, 13.7. 
-4.8. -5.1; FAB HRMS (NBA/Naf) m/e 446.2534, M + Na+ calcd 
for CiaKitNO^SSi 446.2525. 

Aldehyde 7. Oxidation of AJcoliol 35. Alcohol 35 (1.9 g, 4 5 
mmol) was dissolved in CH2CI2 (45 nciL, 0.1 M). DMSO (13-5 mL), 
EtjN (3.0 mU 22.4 mmol, 5.0 equiv), and SOs-pyr (1.43 g. 8.98 mmol. 
2.0 equiv) were added at 25 "'C, and the resulting mixture was stirred 
for 30 min- Saturated aqueous NH4CI solution (100 mL) and ether 
(200 mL) were added sequentially. The organic phase was washed 
with brine (2 x 30 mL) and dried (MgSO*). and die solvents were 
removed under reduced pressure. Flash column chromatography (silica 
gel. 30% ether in hcxancs) furnished aldehyde 7 (1.79 g, 94%): Rf = 
0.55 (siUca gel, 40% ctbcr in hcxanes); [aj^^o +13-3 (c 0.7, CHCI3); 
IR (thin nim) v«« 2930, 2856. 1725. 1504. 1462, 1385. 1253. 1182, 
1076, 938. 836, 776 cm"'; 'H NMR (600 MHz, CDCI3) <5 9.57. (d. J 
= 1 .8 Hz, I H. CHO), 6.91 (s, 1 H, SCH-C), 6.44 (s, 1 H. CH-CCHj). 
5.45-5.35 (m. 2 H. CH-CH). 4.1 1 (dd. 7 = 6.6, 6-3 Hz, 1 H. CHOSi). 
2.69 (s, 3 H, N-C(S)CH3). 2.34-2.24 (m. 3 H), 2.05-2.01 (m, 2 H), 
1.98 (s. 3 H, CH-CC//3). 1.71-1.64 (m, I H), 1.41-1.29 (m. 3 H), 

1.05 (d. J = 7.0 Hz, 3 H. G^aCH). 0.87 (s, 9 H. SiC(CH3)j), 0.04 (s, 
3 H. Si(CH3)2). -0.01 (s. 3 H. Si(CH,)2); 'Ki NMR (150.9 MHz, 
CDCl3)a205.2, 16«, 153.0. 142.0. 130.6. 126-4. 118.8. U5.0. 78.7, 
46.2. 34.7. 30,0, 27.3. 26.9, 25.8, 19.2. 18.2, 13.9. 13.2. -4.7, -5.0: 
FAB HRMS (NBA) m/e 422.2559. M + H+ calcd for Cv,H39N02SSi 
422.2549. 

Akiol Reaction of Keto Acid 9 with Aldehyde 7. A solution of 
keio acid 9 (1.52 g.'s.lO mmoK 1.2 equiv) in THF (10 mL) was added 
dropwisc to a freshly prepared solution of LDA [diisopropylamine (1.78 
mL. 12.78 mmol) was added to n-BuLi (7.95 mL, 1.6 M solution in 
hexanes, 12.78 mmol) in 20 mL of THF at 0 *C1 at -78 'C. After 
being stirred for 15 min, the solution was allowed to warm to -40 ^'C, 
and after 0.5 h at that temperature, it was recooled to -78 "C. A 
solution of aldehyde 7 (1.79 g. 4.24 mmol, 1.0 equiv) was added 
dropwise, and the resuldng mlxcure was stirred for 15 min and then 
quenched at —78 by slow addition of saturated aqueous NH4CI 
solution (20 mL). The reacticm mixture was warmed to 0 **C. and 
AcOH (2-03 mL. 26.84 mmol, 6.3 equiv) was added, followed by 
addition of EtOAc (50 mL). The organic layer was separated, and the 
aqueous phase was extracted with EtOAc (3 x 25 mL). The combined 
organic solution was dried over MgS04 and concentrated under vacuum 
to afford a mixture of aldol products 36a:36b in a ca. 1:1 ratio ('H 
NMR) and unreacted kcio acid 9. The mixture was dissolved in CHj- 
Clj (50 mL) and treated, at 0 ^'C. with 2,6-lutidine (3.2 mL. 27.36 mmol) 
and r«rr-butyldiniethylsilyl trifluoromcthancsulfonaic (4.2 mL. 18,24 
mmol). After stirring for 2 h (complete reaction by TLC). aqueous 
HCl (20 mL. 10% solution) was added and the resulting biphasic 
mixture was separated. The aqueous phase was extracted with CH2- 
'CI2 (3 X 20 mL). and the combined organic solution was washed with 
brine (50 mL), dried (MgS04), and concentrated under reduced pressure 
to give a mixture of the tetra-rtf/t-butyldimcthylsilyl ethcre 37a»b. The 
crude product was dissolved in McOH (50 mL), and K2CO3 (1.40 g, 
10.20 mmol) was added at 25 "C, The reaction mixture was vigorously 
stirred for IS .min and then filtered. The residue was washed with 
MeOH (20 mL), and the sohition was acidified with ion-exchange resin 
(DOWEX 50WX8-200) to pH 4-5 and filtered again. The solvent 
was removed under reduced pressure, and the resulting residue was 
dissolved in EtOAc (50 mL) and washed with saturated aqueous NH4- 
Cl solution (50 mL). The aqueous phase was extracted with EtOAc 
(4 X 25 mL), and the combiiied organic solution was dried (MgS04). 
filtered, and concentrated to furnish a mixture of carboxylic acids 3Sj 
39, and 9. Purification by preparative thin-layer chromatography (stlica 
gel, 5% MeOH in CHjCh) gave pure acids 38 (1.1 g, 31% from 7) 
and 39 (1.0 g, 30% from 7) as coloricss oils. 38; Rf - 0.61 (silica 
gel. 5% MeOH in CH2CI1); [apo -8.8 (c 0.8, CHCI3): IR (thin film) 

:<XP 209571 9A> 



v«« 2931. 2856. 1712. 1466. 1254. 1083. 336 cm"'; 'H NMR (600 
MHz, CDCIj) d 6.94 (s, 1 H. SCH— C), 6.61 (s. I H, CrZ-CCHj). 
5.44-5.41 (m, 2 H, CH-<:H). 4.40 (dd, J = 6.5. 3.2 Hz, I H. (CHj)>- 
CCHOSiX 4.1 1 (dd. J = 6-5, 5.9 Hz, I H. CH2C//OSI), 3.75 (dd. J 
6.5, 3.0 Hz, 1 H. CH(CHj)C//OSi), 3.12 (dq, i = 7,0. 6.5 Hz, I H, 
C(0)C//(CH3)), 2.69 (s, 3 H, N-<:(CH3)S), 2.48 (dd, / = 16.0. 3.2 
Hz, I H. CH2COOH). 2.35 (dd. J = 16.0. 6.7 Hz, 1 H. C//;C(X)H), 

2.39- 2.28 (m. 2 H. C//2CH-CH), 2.10- 1.92 (m. 2 H, CH-CHC/f.). 
1.95 (s, 3 H, CH-C(CWi)), 1.42-1.30 (m. 5 H. CmCHy). 2 x CH.). 
1.18 (s, 3 H. C(CH,)2). I.IO (s. 3 H, C(CH3)2), 1-06 (d. J = 7.0 Hz, 3 

H, CH(C//j)). 0.90-0.85 (m, 30 H, CH(C//j). 3 x SiC(CHj)j). 0.12 (s. 
3 H, Si(CH^>2). 0.09 (s, 3 H, Si(CHj)3). 0.07 (s, 3 H. SKCH,).). 0.05 
(s. 3 H. Si(CHj)2). 0.04 (s, 3 H. Si(CHj)2), 0.03 (s. 3 H, Si(CHi)i); '^C 
NMR (150-9 MHz. CDCly) d 218.1. 176.7. 164.8, 152.8. 142.6. 131.3. 
125.9, 1 18-6. 1 14,7. 78.6. 77.4, 73.4. 53.5, 44.9. 40.1. 38-8. 34.6. 30.7. 
28.0, 27.8. 26-2. 26.0. 25.8. 23.6. 19.1. 18.8. 18.5. 18.2, 17.4, 15-7, 

13.8. -3.7. -3.8, -4.2, -4.6, -4.7. -4.9; FAB HRMS (NBA/CsI) 
m/€ 970.4318. M 4- Cs^ calcd for CuHsjNOiSSij 970.4303. 39: Rf 
= 0.70 (silica gel. 5% MeOH in CHiCh); [aj-p +2.2 {c 3.5. CHCI3); 
IR (thin film) 2929, 2856, 1713. 1470, 1386. 1254. 1082, 988. 
836. 776 cm-': 'H NMR (600 MHz, CDOj) d 6.91 (s. 1 H, SCH=C). 
6.45 (s, 1 H. C//-CCH3). 5.44-5.38 (m. I H. CH-CW), 5.37-5.32 
(m. 1 H. C//-CH). 4.55 (dd, J = 6.7. 3.7 Hz, 1 H. (CH3)2CC//OSi), 
4.11 (dd. / = 6.7, 6.2 Hz, 1 H. CHjCWOSi), 3.83 (d. J = 8.4, I H, 
CH(CH3)C//OSi), 3,09 (dq, / = 7.0, 6.9 Hz. I H. C(0)C//(CH3)), 2.73 
(s, 3 H, N-k:(CH3)S), 2.40 (dd. J = 16.3. 3.8 Hz. 1 H, C//2COOH), 
2.35-2.22 (m. 3 H. C//2COOH. CWtCH-CH). 198-1.94 (m, 2 H, 
CH-<:HC//2), 1-92 (s. 3 H_^CH-C(C//i)). 1.34-1.21 (m. 5 H, 
C//(CH3), 2 X CHj). 1.18 (s. 3 H. C(CHj)2). 1.07 (s. 3 H, C(CH3)2), 

I. 05 (d. J = 7.0 Hz. 3 H, CH(C//3)). 0.89 (s, 9 H, SiC(CH3)^). 0.88 (s, 
9 H, SiC(CHj);), 0.85 (s. 9 H, SiC(CHj)i), 0.82 (d. J = 6.9 Hz. 3 H, 
CHiCHj)), 0.07 (s, 6 H. 2 X Si(CHj)i), 0.06 (s, 3 H. Si(CHj)2), 0.05 (s, 
3 H. Si(CHj)2), 0-04 (s. 3 H, Si(CHj)2). 0.01 (s, 3 H. St(CHj).); '^C 
^fMR (150.9 MHz, CDCh)^ 217.7. 175.3, 165.4. 152.4. 143.1. 131.3. 
125.9. 1 18.3, 1 14.6, 78.6. 76.7, 72.3, 53.8. 45.7. 40. 1, 37.9, 34.9. 34.6, 
27.7. 27.3. 26.3, 26.2, 26.0, 25.8. 22.4, 19.0, I8.6, 18.2. 18.1. I6.8. 

13.9. 13.5, -3.4. -3.6, -4:lr^:6;— 4.7. -4,9: FAB HRMS (NBA/ 
Csl) m/tf 970.4331. M + Cs"^ calcd for C44H83N06SSi3 970.4303. 

Hydroxy Acid 5. Selective DesUylation of Tris(sily! ether) 38. 
A solution of iris(silyl edtcr) 38 (300 mg, 0.36 mmol) in THF (7.0 
mL) at 25 ''C was treated widi TBAF (2,2 mL, 1 M solution in THF. 
2.2 mmol, 6.0 equiv). After being stirred for 8 h, the reaction mixture 
was diluted with EtOAc (10 mL) and washed with aqueous HCl (10 
mL, 1 N solution). The aqueous solution was extracted with EtOAc 
(4x10 mL), and the combined organic phase was washed with brine 
(10 mL), dried (MgS04). and concentrated. The crude mixture was 
purified by flash column chromatography (silica gel. 5% MeOH in CHr 
Oi) to provide hydroxy acid 5 (203 mg. 78%) as a yellow oil: /?/ = 
0.40 (silica gel. 5% McOH in CHjClz); [a]^o "19.2 (c 0.1. CHOj); 
tR (thin film) 3358. 293X 2857, 1701. 1466. 1254, 1088. 988, 
835 cm-'; 'H NMR (600 MHz. CDOj) d 6.95 (s, I H SCH-C). 6.67 
(s, 1 H, C//-K:CH3), 5.58-5-54 (m. I H, CH-C/0. 5.43-5.39 (m, 1 

H. C//-CH). 4.39 (dd, / = 6.7. 3.9 Hz, I H. {CHyhCCHOS'i). 4.18 
(dd, y = 7.5. 5.0 Hz. 1 H. CH2CWOH). 3.78 (dd, J = 6.9. 1.0 Hz, 1 H, 
CH(CH3)C//OSi). 3.1 1 (dq. J = 6.9. 6.7 Hz. 1 H, C(0)C/fCH,), 2.70 
(s. 3 H, N— C(CH3)S). 2-43 (dd. J = 16.2. 3.9 Hz, 1 H, C/fjCOOH). 

2.40- 2.35 (m, 2 H, CZ/^CH-CH). 2.35 (dd, J = 16.2. 6.7 Hz, 1 H, 
C//tCOOH), 2.15-2.10 (m. 1 H. CH-CHC//2). 2.00 (s, 3 H, CH-C- 
(CWj)), 1,99-1.95 (m. I H, CH-CHC//2). 1.48-1.30 (m. 5 H. 
CHiCH,). 2 x CHzh 1-18 (s, 3 H, C{CHM. L08 (s. 3 H. C(CH3)2). 

I. 05 (d, J = 6.7 Hz. 3 H, CH(CHy)), 0,89-0,84 (m. 21 H. CH(C//j), 
SiC(CH3)3), 0.09 (s. 3 H. Si(CH3>z), 0.05 (s, 3 H. Si(CH)}2). 0.04 (s, 3 
H. Si(CH))2), 0.03 (s. 3 H. Si(CHj)2); '^C NMR (150.9 MHz. CDCI3) 
6 218.9, 175.4. 166,3. 152.8. 143-5. 134.4. 125.7, 119.5, 115.9. 74.4. 
54.7. 45.5, 40.9. 40.0, 34.3, 31.9, 30.6. 28.9. 28.8, 27.0. 26.8. 26.7, 
24.4. 20.0. 19.6, 19.3, 19.1. 17.9, 17.1. 15.5. -2.9. -3.1, -3.3. -3.8; 
FAB HRMS (NBA/CsI) m/e 856.3459. M + Cs* calcd for CjsH^r 
NOiSSii 856,3439. 

Hydroxy Acid 40. Selective DesUylation of Tris(5i]yl ether) 39. 
Carboxylic acid 39 (150 mg, 0.18 mmol) was coir/encd to hydroxy 
acid 40 (107 mg, 82%) according to the procedure described above 
for 5. 40: yellow oil; R/ = 0.45 (silica gel, S% McOH in CHiOO: 
[apo -8.0 (c 0.2. CHClj); IR (thin film) v^^ 3225. 2943, 2860. 1719. 
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. 1690. 1461. 1384. 1296, 1250. 1190. 1085. 985. 832. 761. 667 cm"'; 
'H NMR (600 MHz. CDOj) 6 6.93 (s. I H SCH-C). 6.60 (s, I H. 
C//-CCH3). 5.54-5.50 (m. I H. CH-C/n. 5.40-5.34 (m. I H. 
CH=CH). 4.54 (dd. J = 6.4. 3.7 Hz, I H. (CHj^CC/ZOSi). 4.15 (dd, 
J = 6.5. 6.3 Hz, 1 H, CH^HOHY 3.82 (d. J = 7.6 Hz. 1 H. CH- 
{CH3)C//OSi). 3.09 (dq, J = 6.9, 6.5 Hz, 1 H, C(0)C//CH>). 2.71 (s. 
3 H, N-C{CHj)S), 2.37-2.32 (m, 3 H, Cf/jCH-CH, CWjCOOH). 
2.30 (dd, / = 16.3. 6.4 Hz, I H, CH7COOHI 2.15-2.10 (m. 2 H, 
CH-CHCWz). 1.97 (s. 3 H. CH-C(C//j)). 1.36-1.18 (m, 5 H, 
CHiCHi). 2 X CH2), 1.17 (s. 3 H, QCHjh), !-07 (s. 3 H. QCHjhX 
1.05 (d, / = 6.8 Hz. 3 H, CH(C//j)), 0.88 (s. 9 H. SiC(CHj)j). 0.85- 

0.82 (m, 12 H, CH(C//j), SiC(CHj)j). 0.07 (s. 3 H. Si(CHj)2). 0.06 (s. 

3 H. Si(CHj>2), 0.05 (s, 6 H, Si(CHi)2); NMR (150.9 MHz. CDCI3) 

d 218.2. 175.4. 165.4. 152.2. 142.0. 133.1. 124.9. 118.6. 115.1. 74.4. 

53.8. 45.8. 40.2, 38.9. 37.7. 34.8, 33.2, 27.9. 27.5. 27.1. 26.2, 26.1. 

26.0. 22.6. 21.4. 18.8. 18,.6. 16.9. 14.5. 13J. -3.4. -3.6. -4.3. -4.6; 

FAB HRMS (NBAA:sI) m/e 856.3402. M + Cs^ caJcd for C»H«»- 

N06SSi2 856.3439. 

Lactone 41. Macrolactoiuzation of Hydroxy Add 5. A solution 
of hydroxy acid 5 (200 mg. 0.28 rnmol) in THF (4 mL) was treated at 
0 "C with EtjN (0.23 mL, 1.68 mmol. 6.0 equiv) and 2.4.6- 
trichiorobcnzoyl chloride (0.22 mL. 1.40 mmoi. 5.0 equiv). The 
reaction mixture was stirred at 0 °C for 15 min and then added to a 
solution of 4-DMAP (342 mg. 2.80 mmol. 10.0 equiv) in toluene (140 
mL) at 25 **C and siirrcd at that temperature for 0.5 h. The reaction 
mixture was concentrated under reduced pressure to a small volume 
and filtered through silica gel. The residue was washed with 40% ether 
in hexanes. and the resulting solution was concentrated. Purification 
by flash column chromatography (silica gel,- 2% MeOH in CH2CI2) 
furnished lactone 41 (178 mg. 90%) as a colorless oil: /?/= 0.37 (silica 
gel. 30% ether in hcxanetfJTlaJ^D -22.9 (c 0.3. CHCIj); IR (thin film) 
2925. 2854. 1734. 1693. 1464. 1381. 1252, 1187. 1158. 1099. 
988, 829, 758 cm"'; »H ^fMR (600 MHz. CDCI3) 6 6.98 (s. 1 H. 
SCH-C). 6.58 (s. 1 H, CW^CHj). 5.53 (m, 1 H. CH-CH). 5.43- 
5.34 (m, 1 H. CW--CH).;5.00 (d, 7 = 10.2 Hz. I H. O-COCH), 4.03 
(d. J = 10.5 Hz, 1 H. CHOSi), 3.89 (d. 7 = 9.0 Hz, 1 H. CHOSi), 2.98 
(dq, J = 6.9. 6.7 Hz, 1 H. CiO)CHCHjl 2.85 (d. y = 16.7 Hz, I H, 
CH2COO), 2.72 (s. 3 H. N-<:(CH5)S). 2.66 (dd. / = 16.7. 10.7 Hz, 1 

H. CH2C(X)). 2.40-2.30 (m. 1 H. CH'^CHCNth 2. 1 1 (s. 3 H. CH-C- 
(C//j)). 2.10-2.04 (m, 2 H, CZ/^CH-CH), 1.92-1.83 (m, I H. 
CH-CHC//2), 1.66-1.38 (m. 5 H. CW(CHi). 2 x CH2). 1.17 (s. 3 H. 
C(CH3)2). 1.13 (s, 3 H, C(CH3>2), 1.06 (d, J = 7.0 Hz, 3 H. CH(C//,)), 
0.94 (d. y = 7.0 Hz, 3 H. CH(C//3)), 0.92 (s, 9 H. SiC(CH3)3), 0.83 (s, 
9 H. SiC(CHj)3). 0.09 (s. 3 H. Si(CH3>2). 0.07 (s. 3 H, Si(CH3)2). 0.05 
(s, 3 H. Si(CH3)2), -0.12 (s, 3 H. SilCCH,)!); 'H: NMR (150 9 MHz. 
CDaj)<5 215.0. 171.3. 165.4. 135.7. 135.1. 125.8. 122.7, 119.9, 115.9. 
79.5. 76.4. 53.3. 48.0. 38.8. 31.7. 31.3. 29.7. 29.2. 28.4. 26.4. 26.2. 
26.1. 25-9, 24.2. 19.1, 18.7. 18.6. 17.7. 15.3. -3.1. -3.2. -3.7, -5.8; 
FAB HRMS (NBA) m/g 706.4382, M + H* calcd for Cj«H67NOjSSi2 
706.4357. 

Lactone 42. MacrolacCo&ization of Hydroxy Add 40. The 

cyclizaiion of hydroxy acid 40 (100 mg. 0.14 mmol) was carried out 
exactly as described for 41 above and yielded lactone 42 (84 mg. 85%) 
as a colorless oil: Ry = 0.40 (silica gel, 30% ether in hexanes); [a]«o 
-40.5 (c 0.2. CHa,); IR (diin film) 2929. 2855, 1739, 1690. 1469, 
1384. 1253. 1180. 1089. 1053. 985. 835. 775 'cm"'; 'H NMR (600 
MHz, CDCb) 6 6.94 (s. 1 H, SCH-C). 6.53 (s. 1 H. C^^-CCH3). 
5.55-5.46 (m. 1 H. CH-CW), 5.39-5.30 (m. 1 H. C//-CH). 5.32 
(dd, J = 7.0. 3.0 Hz, 1 H. 0-C(XTO, 4.43 (dd, / = 7.5, 2,9 Hz, 1 H. 
CHOSi). 3.99 (d, y = 7.1 Hz, 1 H, CHOSi). 3.20 (dq. J = 7.3. 7.1 Hz. 
1 H, C(OX:«CH3), 2.71 (s, 3 H. N-C(CHi)S). 2.59 (m, 1 H. 
CH-CHC//:), 2.21 (dd. / = 14.6, 3.2 Hz, 1 H, CIHiCOO). 2.20 (dd, 
J = 14.6. 7.6 Hz. I H, CH2COO). 2.16 (s. 3 H. CH-C(C//j)). 2.15- 

I. 95 (m. 3 H, CH-CHC«2. C^aCH-CH). 1.60-1.50 (m, 3 H. 
C//(CH3), 2 X CHi). 1.47-L35 (m, 2 H, CW(CH3). 2 x CH2). 1.24 (s. 
3 H. C(CH3>2), 1.11 (d, y = 7.2 Hz, 3 H, CH(C//3)). 1-09 (s, 3 H. 
C(CH3h). 0.90 (s, 9 H. SiC(CH3)3), 0.86 ($, 9 H. SiC(CH3)3). 0.83 (d, 
y = 6.7 Hz. 3 H, CH(C/fj)). 0.09 (s, 6 H. 2 x Si(CH3h). 0.01 (s, 3 H, 
Si(CH3)j), -0.05 (s, 3 H. Si(CH3)2); NMR (150.9 MHz, CDCb) d 
221.2, 171.6, 165.8. 134.9, 134.1. 125.7. 125.2, 120.7. 117.1. 78.8. 
75.2, 74.5. 54.3, 48.1, 42.5, 37.9. 33.7. 32.4. 26.8. 26.7. 26.5. 26.2, 
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25.8, 19.7. 19.2, 19.0. 18.8. 17.7. 15.9. 14.1. -3.0. -3.3. -3.7, -4.3; 
FAB HRMS (NBA) mie 706.4333, M -f- H"" calcd for CuH^TNOsSSi- 
706.4357. ' 

Dihydroxy Lactone 3. To lactone 41 (50 mg. 0.071 mmol), cooled 
to -20 °C. was added a freshly prepared 20% (v/v) CFjCOOH solution 
in CH2CI2 (400 |iL). The reaction mixture was allowed to reach 0 **C 
and was stirred for 1 h at that temperature. The solvents were 
evaporated under reduced pressure, and the crude product was purified 
by preparative thin-layer chromatography (silica gel, 6% MeOH in CHj- 
Q:) to afford pure dihydroxy lactone 3 (31 mg, 92%): 0.38 (silica 
gel. 5% MeOH in CH2CI2); (aFo -80.2 (c 1.7. CHCI3); IR (thin film) 
3470. 2929, 1733. 1686. 1464. 1380. 1250. 1 182, 1045. 978. 732 
cm-'; 'H NMR (500 MHz. C6D6) 6 6.83 (s. 1 H, SCH-C), 6.56 (s, 1 
H, C;/-=CCH3). 5.48 (dd, / = 7.0. 3.0 Hz. 1 H. 0«COCH), 5.43- 
5.41 (m, 2 H. CH-CH). 4.2 1 (d, 7 = 1 1.5 Hz, 1 H, C/fOH). 3.77 (bs. 

1 H. C//OH). 3.13 (bs, 1 H. OH). 3.01 (bs. I H, OH). 2.95 (m, 1 H. 
C(0)Cf/CH,). 2.70-2.62 (m. 1 H. CH2COO). 2.47 (ddd, J = 14.6. 
11.5 Hz, 1 H. CH2COO), 2.27 (s. 3 H, N-C(CH3)S), 2.18-2.12 (m. 

2 H, CH-CHC//2). 2.15 (s, 3 H. CH-<:(C//3)). 1.97-1.83 (m, 2H. 
CZ/tCH-CH). 1.56-1.50 (m. 1 H. CA/(CHj)), 1.41-1.22 (m. 4 H. 2 
X OAz), 1 . 1 5 (d. y = 7.0 Hz, 3 H. CH(C//3)). I -07 (d. J = 6.0 Hz, 3 H, 
CH(C//3)). L07 (s. 3 H. CiCHyh), 1.06 (s. 3 H, C(CHM: NMR 
(150.9 MHz, C^^De) d 220.2, 170.6, 165.4, 153.8. 139.2, 134.1. 126.1. 
120.4. 1 16.9. 79.2, 74.9, 73.2. 54.2. 42.5. 40.3, 39.5, 32.9. 32.6. 28.6, 
28.4. 23.3. 19.3, 19.1, 16.4, 16.3, 14.4; FAB HRMS (NBA/CsI) m/e 
610.1580, M + Cs* calcd for C26H39NO5S 610.1603. 

Dihydroxy Lactone 43. Lactone 42 (38.0 mg, 0.054 mmol) was 
treated with CF3COOH in exactly the same way as described above 
for 3, yielding dihydroxy lactone 43 (24.5 mg, 95%): R/ = 0.3(rt5ilic3 
gel. 6% MeOH in CHjCtz); [a]^o -93. 1 (c 0. 1 , CHCI3); IR (thin film) 
3450. 2929. 1735. 1685. 1464. 1380, 1250. 1182. 1045. 978, 732 
cm-'; 'H NMR (600 MHz. CDOj) d 6.96 (s. 1 H, SCH-<:). 6.51 (s. 
1 H. C//— CCH3). 5.60-5.50 (m, 2 H, CH-CH). 5.40-5.32 (m. 1 H. 
O— COCH). 4.25 (d, y = 9.5 Hz, I H. C//OH). 3.55 (d, / = 9.6 Hz, 1 

H. CWOH). 3.39 (bs, I H, OH), 3.31 (dq, J = 6.9. 6.7 Hz. 1 H, C(0)- 
C//CHj). 2.99 (bs, 1 H. OH). 2.71 (s, 3 H. N-C(CH))S), 2.69-2.61 
(m. 1 H. CH-OiC//.). 2.59 (d, J = 16.3 Hz, 1 H. CHjCOQI 2.45- 
2.35 (m, 2 H. CH2COO, CH-CHCA/j), 2.20-2.10 (m, 1 H, CH^- 
CH-CH). 2.08 (s. 3 H. CH-<:(CWj)). 1.98-1.90 (m. 1 H. CH^ 
CH-CH). 1.59-1.50 (m. 1 H, C//(CH3)). 1.49-1.30 (m, 4 H. 2 x 
CHz). 1.17 (s. 3 H. aCHM. MI (d. y = 6.9 Hz. 3 H. CH(C//3)). 

I. 03 (s. 3 H. C(CH3)2). 1.01 (d, J = 7.0 Hz. 3 H. CH(C//,)); '^C NMR 
(150.9 MHz, CDCIj) <5 222.2, 171.1, 165.2, 153.5, 139.5. 133.2. 125.1, 
120.0. 1 16.7, 78.4, 74.1. 72.9. 52.5, 40.7. 39,5. 37.9, 34.5. 32.7. 31.3. 
27.6. 24.7, 22.2. 18.9. 17.5, 15.5. 15.3; FAB HRMS (NBA) m/e 
478.2610. M + H"^ calcd for C26H39N05S 478.2627. 

EpoChilone A (1). Epoxidation of Lactone 3 with Methyl- 
(trifluoromethyDdioxirane. To a solution of 3 (10 mg. 21.0 /imol) 
in MeCN (200 ^L) was added 4 x 10~* M aqueous solution of disodium 
ethylcnediaminetetraacetate (Na2EDTA. 120 uL), and the reaction 
mixture was cooled to 0 **C l.l.l-Trifiuoroacctone (200 wL) was added 
followed by a mixture of Oxone (61 mg, 0.10 mmol. 5.0 equiv) and 
NaHCOs (14.0 mg, 0. 17 mmol, 8.0 equiv) with stirring until completion 
of the reaction was revealed by TLC. The reaction mixture was treated 
with excess Me2S (lOO^aL) and water (500 ;<L) and was then extracted 
with EtOAc (4x2 mL). Th^^ombined organic phase was dried 
(MgS04). filtered, and concentrated. Purification by preparative thin- 
layer chromatography (silica gel. 5% MeOH in CH2C12) gave a mixture 
of epothilones A (1) and its a-epoxide epimcr (8.6 mg. 78% total yield). 
A second preparative thin- layer chromatography (silica gel, 70% EtOAc 
in hexanes) furnished pure epothilone A (1) (6.4 mg, 65%) as a white 
solid. For a more extensive study of the epoxidation of 3 and isolation 
of a number of epothilone A analogues, see ref 29. 1: Rf= 0.23 (silica 
gel. 5% MeOH in CHjOi); [aj^o -45.0 (c 0.02. MeOH); IR (thin 
film) 3476, 2974, 1738. 1692 cm''; 'H NMR (600 MHz, C^Da) d 
6.71 (s, 1 H, C//-CCH3), 6.45 (s. 1 H. SCH-O, 5.45 (dd. J = 8.2. 
2.3 Hz, 1 H, O-COCH), 4.15 (dd, y = 10.8. 2.9 Hz, 1 H, CiTOH). 
3.81-3.78 (m, I H. C//OH), 3.65 (bs, I H, OH). 3.03 (dq, J = 6.9, 
6.5 Hz, 1 H. C(0)CWCH}). 2.77 (ddd. J = 7.9. 4.0. 4.0 Hz. 1 H. 
CHiCf/O). 2.62-2.58 (m. 1 H. CH2C//O). 2.40 (dd, J = 14.4. 10.8 
Hz. 1 H. CHiC<X)). 2.26 (bs, 1 H. OH), 2.21 (s. 3 H. N-<:(CH,)S). 
2.19 (dd. y ^ 14.4. 2.9 Hz. 1 H, CH2COO). 2.05 (s, 3 H, CH-C- 
(CHj)), 1.86 (ddd. J = 15.2, 2.5, 2.5 Hz, 1 H. CW^THO). 1.81-1.74 
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' (m, I H. C//2CHO). 1 .68 (ddd. J = 15.2, 7.6. 7.6 Hz, I Cn'zCHO), 
1.53- K49 (m. I H, CHiCHO). 1.40- 1. 15 (m, 5 a CW(CHj). 2 x CH2). 
• 1.06 (d, J = 7.0 Hz, 3 H. CH(C//3)), 1-03 <s. 3 H. C(CHj>,), 0.97 (s. 
3 H, C(CHj)7), 0.95 (d, J = 6.9 Hz. 3 H. CHCCHj)); '^C NMR (150.9 
MHz, C^t) 6 219.0. 170.2, 164.7, 153.0, 137.5. 119.9. 116.6, 76.6. 
75.2, 73.5. 57.2, 54.2. 52.9, 43-8. 39.1. 36.3. 31.7. 30.3, 27.3, 23.9. 
21.1. 20.6. 18.7, 17,4, 15.7, 14.6: HRMS (FAB), calcd for dt^yir 
CsNOftS (M Cs*) 626.1552, found 626.1531. 

65,7J7<Epothilones 44 and 45. Epoxidation of Lactone 43. To a 
solution of lactone 43 (9.0 mg. 18.8 ^mol) in MeCN (0.5 mL) were 
added disodium ethylcncdiaminctetraacciaie (Na^EDTA, 4 x 10"* M 
aqueous soluuon, 200 >uL) and l.l.l-trifluoroacetone (200 ^L) at 0 "C. 
The resulung solution was stured at 0 **C, while a mixture of solid 
Oxone (58 rag. 94.0 mmol, 5.0 cquiv) and NaHCCD, (14.0 mg. 0.17 
mmol. 8.8 equiv) was added portionwisc until completion of the reaction 
was established by TLC). The reaction mixture was treated with excess 
MezS (100 /iL) and water (500 fiL) and was extracted with EtOAc (4 
X 2 mL). The combined organic phase was dried (MgS04)t filtered, 
and concentrated. Purification by preparative thin-layer chromatography 
(sUica gel. 5% MeOH in CH^Ch) gave a mixture of epoihiloncs 44 
and 45 (8. 1 mg. 87% total yield, ca. 2: 1 ratio by 'H NMR). The major 
diastcreoisomer (44. stereochemistry unassigned) was isolated by 
preparative thin-layer chromatography (silica gei; 70% EtOAc in 
hexanes) (5.4 mg. 58%) and exhibited the following properties: Rf - 
0.23 (silica ge!. 6% MeOH in CHiCX^Y [aj^o -20.0 (c 0.2, CHQi); 
IR (thin film) 3448. 2919. 1725, 1684. 1455. 4378. 1284. 1149, 
1061 1020, 973. 750 cm"'; 'H NMR (500 MHz, CHCI3) 6 6.99 (s, 1 

H. SCTH-C). 6.68 (s. I H, Ctf-CCHa). 5.64-5.61 (m. I H. 0-C(3CH). 
4.43 (d, 7 = 2.1 Hz, 1 H. OH), 4.29 (ddd, J = 7.6. 2.5. 2.5 Hz, I H. 
C//OH), 3.82 (d, J = 8.2 Hz, TH, CHOH), 3.35 (bs. 1 H, OH). 3.22 
(q, J = 7.0 Hz. I H, cmCHCH,), 3.14 (ddd, J = 10.3. 4.1, 3.2 Hz, 
I H. CH,C//0). 2.90 (ddd. / = 10.3, 4.3, 2.3 Hz. I H, CH2CHO). 2.71 
(s. 3 H. N-<:(CHj)S). 2.54 (dd. J = 13.7. 7.6 Hz. 1 H, CH2COO). 
2.51 (dd. J = 13.7. 2.5 Hz. I H, CHiCOO). 2.21-2.19 (m, I H. CHi- 
CHO). 2.18 (s. 3 H, CH-C(CHi)), 1.94 (ddd, J = 15.3. 10.3. 3.7 Hz, 

1 H, C//2CHO). 1.77-1.69 (m, 2 H. C//2CHO). 1.60-1.00 (m. 5 H. 
CHiCH,), 2 X CH2). 1.15 (s. 3 H. dCHihh 1.14 (d. 7 = 6.9 Hz, 3 H, 
CH(C//3)). 1.06 (s, 3 H, C(CHj>2). 1.02 (d. 7 = 7.0 Hz. 3 H. CM- 
(CW); NMR (150.9 MHz. CHOa) 6 221.8. 172.1. 165.1. 152.6. 
1 34.7. 1 19-8. 1 16.8. 76.0, 74.4, 72.8. 56.4, 53.8, 53.0. 40.2, 39. 1 . 34 J . 
32.7. 29.4. 27.8, 22.7. 20.9, 19.0. 16.1. 15.9, 15.0, 11.8; FAB HRMS 
(NBA) m/^ 494.2587. M + H"*" calcd for C26H39N06S 494.2576, 

Olermic Compouiid 4S. Phosphonium salt 12 (9.0 g. 12.93 mmol, 

I. 5 equiv) was dissolved in THF (90 mL). and the soluuon was cooled 
to 0 "C. Sodium bis(trimeihylsilyOamide (NaHMDS. 1.0 M solution 
in THF. 12.84 mL. 12.84 mmol. 1.48 equiv) was slowly added, and 
the resulting mixture was stirred at 0 ''C for 15 min. The reaction 
mixnire was then cooled to -20 **C before ketone 11 (2.23 g. 8.62 
mmol, 1.0 cquiv) in THF (10 mL) was added, and the reaction mixture 
was stirred at the same temperature for 12 h. Saturated aqueous NH4- 
a solution (50 mL) was added, and the mixture was extracted with 
ether (200 mL). The organic phase was washed with brine (2 x 100 
mL), dried (MgS04). and concentrated to afford, after flash column 
chromatography (silica gel. 2% ether in hexanes). olefins 48 (3.8 g, 
73%. 2:Eca. 1:1 by 'H NMR). 

Hydroxy Olefins 49. DesilyUtioa of SUyl Ether 48. Silyl ether 
48 (3.80 g. 6.88 mmol) was dissolved in GHzCl^iMeOH (I: I. 70 mL), 
and the solution was cooled to 0 *C priOT to addition of CSA (168 g, 
7.23 mmol. 1.05 equiv) during a 5 min period. The resulting mixture 
was stirred for 30 min at 0 *C and then for I h at 25 °C. EI3N (1.57 
mL. 7.23 mmol. 1.05 cquiv) was added, and the solvents were removed 
under leduced pressure. Flash column chromatography (silica gel, 50% 
ether in hexanes) furnished pure hydroxy compound 49 (2.9 g. 97%). 

Atdehyde r. Oxtdatkm of AJcobol 49. Alcohol 49 (mUtures of 

2 and £ geometrical isomers. 4.60 g. 10.64 mmol) was dissolved in 
CH2CI2 (105 mL, O.l M). DMSO (35 mL), EtjN (7.4 mL, 53.20 mmol. 
5.0 equiv), and S03-pyr (3.4 g. 21.28 mmol, 2.0 equiv) were added at 
25 "C, and the resulting mixture was stirred for 30 min. Saturated 
aqueous NH4CI soluiicm (50 mL) and ether (300 mL) were added, and 
the organic phase was separated and washed with brine (2 x 30 mL). 
dried (MgS04), and concentrated under redured pressure. Flash column 
chromatography (silica gel. 20% ether in hexanes) furnished aldehyde 

BNSDOCiD:<XP 20957i9A> mixture of ZiE isomcTs. ca, r.l, 95%). 
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Tris(si!y! ethers) 52' and 53'. Aldol Reaction of Keto Acid 9 ] 
with Aldehyde S'. A solution of keto acid 9 (773 mg. 2.56 mmol, 1.2 ' 
cquiv) in THF (7.0 mL) was reacted with aldehyde 8* (930 mg. mixture 
of Z:E olcfms, ca. 1:1, 2.13 mmol, 1.0 equiv) according to the same . 
procedure as described above for the condensation of 9 and 7, to afford, 
after similar processing, pure carboxylic acids 5T (564 mg. mixture - 
of Z and £ isomers, ca. 1 : 1 , 3 1 % from 80 and 53' (545 mg. mixwre of 
Z and £ isomers, ca. I: I. 30% from 80 as colorless oils and recovered 
keto acid 9 (125 mg). 

Hydroxy Acid 6'. Selective Desiiylation of 52'. Carboxylic acid 
52' (300 mg. mixture of Z and E isomers, ca. 1:1. 0.35 mmol) was 
converted to hydroxy acid 6' (194 mg. mixture of Z and £ isomers, ca. 

1:1. 75%) according to the same procedure described above for hydroxy 

acid 5, 

Lactones 54 and 55. Macrolactooization of Hydroxy Acid 6'. 
A solution of hydroxy acid 6' (140 mg, mixture of Z and £ isomers, 
ca. 1:1. 0.189 mmol) in THF (2.6 mL) was treated at 0 with EtjN 
(58 ^L, 0.416 mmol, 2.2 equiv) and 2.4,6-lrichlorobcn2oyI chloride 
(29.4 AiL, 0.246 mmol. 1.3 equiv). The reaction mixture was stirred at 

0 for I h and then added to a solution of 4-DMAP (233 mg, 1 .396 
mmol. 1 0.0 equiv) in toluene (90 mL. 0.002 M) at 25 and stirred at 
that temperature for 10 h. The solvents were removed in vacuo, and 

the crude product obtained was suspended in 40% ether in hexanes , 
and filtered through silica gel. Concentration foUowed by preparative; 
thin- layer chromatography (silica gel. 5% MeOH in CH:Cl:) gave pure -\ ^ 
lactones 54 (50 mg, 37%) and 55 (54 mg, 40%) as coloriess oils. 54: . 

= 0 40 (silica gel, 1% MeOH in CH2CI2); [apo -1L8 (c 0.8. ^ 
CHCh); IR (thin film) 2931. 2848, 1737. 1690. 1461. 1378. 1249. 
1184. 1158. 1097. 1020, 984. 835. 775 cm"; 'H NMR (600 MHz, 
CDCI3) (5 6.95 (s, 1 H, SCH-C). 6.56 (s. I H, CfZ-CCHj). 5.16 (dd. 
J = 8.4. 7.5 Hz. 1 H. CHjC-CWCHi). 4.96 (d, 7 = lO.l Hz. I H.- 
CHjCCXX:/^. 4.02 (d. J = 9.9 Hz, I H, CHOSi). 3 88 (d, J = 8.9 Hz. 

1 H CHOSi). 3.02 (dq, J = 6.9. 6.7 Hz. I H. C(0)C//CH3). 2.79 (d. 

y =' 15.6 Hz, 1 H. CHiCOOCH). 2.70 (s, 3.H. N-C(CH3)S). 2.70- I 

2 65 (m, 2 H), 2.48-2.40 (m. I H), 2.10 (s, 3 H, CH-C(CH3)), 2.10- 

2.04 (m, 2 H). 1.75-1.69 (m, 2 H). 1-67 (s, 3 H, CH:C(Cf/>)-<:W, J 
I 66-1.45 (m, 3 H). 1.18 (s. 3 H, C{CH,h), 1.13 (s. 3 H. C(CH3)i). ^ 
1.09 (d, J = 6.8 Hz. 3 H, CH(C«3)), 0.97 (d. / = 6.8 Hz. 3 H, CH- 
(0/3)). 0.94 (s, 9 H. SiC(CH3)3). 0.84 (s. 9 H, SiC(CH3)3). 0.10 (s. 3' 
H, Si(CH3)2). 0.09 (s. 3 H. Si(CH3)2). 0.07 (s, 3 H, Si(CH3)2). -0.12 
(s 3H Si(CH3):); '^C NMR (150.9 MHz, CDCI3) 6 215.1. 171.Z 164.6. 
152.5 140-6. 138.8, 119.3. 119.1. 115-9, 79.9, 76.3, 53.4, 39.1. 32.4, 
31 9 314 29.7, 27.4, 26.4, 26.1. 26:0, 24.5. 24.3, 23.1. 19.2. 18.7. 
18 6* 17 8 15.3. -3.3, -3.7. -5.7; FAB HRMS (>fBA) m/e 720.4534, • 
M + H* calcd for d^H^OiSSh 720.45 1 3. 55: R/ = 0.50 (silica gel. 
1% MeOH in CH^Ch); [a]^D -22.7 (c 0.6. CHCI3); IR (thin film) 
2931.2860, 1731. 1696. 1461. 1378, 1249. 1179. 1079.985,832, 
773 cm-»: 'H NMR (600 MHz, CDCh) d 6.92 (s. I H. SCH-C). 6.53 
(s I H, C/^CH3), 5.27 (dd, y = 8.0, 2.7 Hz, 1 H. CH2COOCH). 
5.16 (dd. y = 6.9. 6.6 Hz, I H, CHjC-CI^fCHz). 4.47 (t, y = 5.1 Hz. 

1 H CHOSi). 3.89 (dd. J = 4.5. l.O Hz, 1 H, CHOSi). 3.05 (dq. J = 
6.7, 6.2 Hz, 1 H. C(0)C//CH3). 2.70 (s, 3 H. N-C(CH3)$). 2.60 (dd, 
y = 15.8 5.8 Hz, I H. C//2COOCH), 2.55 (m. I H. CH,C-CHC//2), 

2 51-2.47 (m, 2 H, CH2COOCH. CHjC-CHCHz). 2.13 (s, 3 H. 
CH-C(CW3)). 2-10-2.05 (m. I H. CHiC{CHiy'<:H), 1.91 (m. I H, 
C//2C(Cn^3)-<:H). 1.68- l.45,(m. 4 H). 1-57 (s. 3 a CH2C(CH3)-CH), 
1 .27 - 1 .23 (m. I H), 1 . 1 7 (s. 3 H. C{CHM, 1 -04 (d. J = 6.8 Hz. 3 H. 
CH(CW3)). 1.07 (s. 3 H. C(CH3)2). 0.93 (d, J = 6.9 Hz. 3 H. CH- 
(C//,)). 0.88 (s, 9 H. SiC(CH3)3), 0,86 (s. 9 H, SiC(CH,)3). 0.07 (s. 6 
H, Si(CH,)2), 0.06 (s. 3 H, Si{CHM, 0.05 (s, 3 H. SHCHM: '^C NMR 
(150.9 MHz, CDCI3) 6 217.2. 171.3. 165.5. 153.6. 139.0. 138.3. 120 9. 
120 2 1 17.0, 80.1, 77.2. 73.9. 54.8. 44.9, 42.7, 41.1. 40-2. 32.8, 26.9. 
26.8, 25.6. 23.5, 21.1. 20.1, 19.2. 19.1. 17.7, 16.8, 16.6. 16.3. -2.7. 
-3.1. -3.4. -3.6: FAB HRMS (NBA) m/e 720.4533, M + H* calcd 
for CjJiwNOsSSii 720.4513. 

Dihydroxy Lactone 4. Dihydroxy lactone 4 was prepared from 
bis(silyl ether) lactone 54 (13.3 mg. 0.018 mmol) by treatment with 
CrFiCOOH according to the same procedure described above for the 
preparation of 3. to obtain pure lactone 4 (8.4 mg. 91%) as a colorless 
oil 4 /?/ = 0 21 (silica gel, 4% McOH in CH^Cb); [a)^D -91.5 (c 
0.3. CHOj); IR (thin film) 3460, 2954. 2919, 1725, 1684. 1455. 
1379 1290. 1249. 1184. 1143. 1043. 1008. 973. 750 cm-'; 'H NMR 
(600 MHz, CDCl,) d 6.94 (s, 1 H, SCH-C). 6.57 (s. I H. CW-CCH,). 
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5.20 (d, J = 9.7 Hz, 1 H, CHjCCXXTW), 5.(3 (dd. J = 9.6. 4.6 Hz, 1 

H. CHjC-Cf/CHi), 4,28 (d. 7 = 9.7 Hz. I H. (CHjhCCf/OH), 3.71 
(s. I H. CWOH), 3.47 (bs. 1 H, OH). 3.15 (q. 7 = 6.8 Hz, I H. C(0)- 
C//CH3). 3.04 (bs. 1 H. OH), 2.68 (s. 3 H. N-C(CH))S). 2.62 (ddd. J 
= 15.0. 10.2. 10.1 Hr, I H, C//2CH-CCH3). 2.45 (dd, J = 14.7, II I 
Hz, I H. C//2COOCH), 2.38-2.24 (m, I H). 2.28 (dd. J = 14.8, 2.2 
Hz, CHiCOOCHX 2.22 (d, / = 14.9 Hz, 1 H. C//zC(CH))-CHCHi), 
2.06 (s, 3 H, CH-CC//}), 1.90-1.84 (m, 1 H). 1.76-1.69 (m, I H), 

I. 65 (s, 3 H. CH2C(C//3>-CH), 1.33 (s, 3 H, QCHjh), L32-1.22 
(m, 4 H). 1.19 (d. y = 6.8 Hz, 3 H, CH(C«j)). 1.06 (s. 3 H. C(CHjh), 
LOO (d, y = 7.0 Hz, 3 H. CH(CH3)); NMR (150.9 MHz, CDa,) 
d 220.4. 170.2, 164.9. 151.8. 139.1, 138.3. 120.8, 119.1, 115.5, 78.9, 
74.1. 72.3. 53.6, 41.7, 39.7, 32.6. 31.8, 31.7, 25.4. 23.0. 19.1, 18.1, 
16.0. 15.8, 13.5; FAB HRMS (NBA) m/e 492.2795, M + H* caJcd for 
C27H41NO5S 492.2784. 

Dihydroxy Lactone 56. Dihydroxy lactone 56 was prepared from 
bis(silyl ether) lactone 55 (40 0 mg, 0.055 mmol) by treatment with 
CFjCOOH according to the sanw procedure described above for the 
preparation of 3. Obtained pure 56 (24.3 mg. 89%): ^/ = 0. 19 (silica 
gel, 4% MeOH in CH2CI2); [a]«o -61.0 (c 0.2. CHOi); IR (thin film) 
3418. 2932, 1731. 1691. 1466. 1381, 1252. 1159. 1067. 1044. 
1012. 978, 755 cm": 'H KMR (600 MHz, CDCI3) d 6.99 (s, I H, 
SCH-C). 6-54 (s. I H, C//— CCH3), 5.38 (dd, J = 6.7. 3.8 Hz. 1 H, 
CH2COOC/O. 5.08 (t, y = 6.9 Hz, 1 H, CH3C-C//CH2), 4.32 (dd, J 
= 10.0. 2.4 Hz. 1 H. (CHj>2CCHOH). 3.65 (t, y = 3,4 Hz, I H, CHOH). 
3.25 (dq. y = 6.7. 3.9 Hz. 1 H, C(0)CHCHy). 2.68 (s, 3 H, . - 
N-<:(CH3)S), 2.55-2,43 (m, 3 H, Ci/2COOCH. C(CH3)— CHC/f.). 
2.40 (dd. y = 15.3. 2.5 Hz, 1 H, O/2COOCH), 2.17-2.10 (m, 1 H, 
Cf/2C(CH3)-CH), 2.05 <s, 3 H. CH-CCW3), 1 .95 (ddd, y = 13.4, 10.0. 
3.3 Hz, I H, C//2C(CH3)--CH), 1.70-1.57 (m, 3 H). 1.57 (s. 3 H, 
CH2C(C//j)-CH), 1.50-1.35 (m. 2 H). 1.33 (s. 3 H. CiCH^hl 115 
(d. y = 6.8 Hz. 3 H. CH(C//3)). 103 (s, 3 H, C(CH3)2). 0.97 (d. J = 
7.0 Hz, 3 H, CH(C//3)); '^C NMR (150.9 MHz, CDCb) 6 220.7, 170.7, 
165.3. 152.3. 138.5, 137.4, 119.6, 119,4, 115.7,77.7,76.2.71.6.52.7, ' . 
42.7. 39.4. 39.0, 37.3. 30.7, 24.5, 20.5. 19.7. 18.7. 15.9, 15.8, 15.5, 
14.3; FAB HRMS (l^A) m/e 492.2772. M + H+ calcd for C2TH41- 
NO5S 492.2784., 

Epothilone B (2) and Its a-Epoxide Eptmer 57. Epoxidation of 
Lactone 4. Procedure A: To a solution of lactone 4 (3.0 mg. 6.1 
junral) in benzene (0.2 mL) al — 10 °C was added m-chloroperbenzoic 
acid (2.9 mg, 50-60% purity, 8.4-10.1 /<mol, 1.4-1.6 equiv). and 
the reaction mixture was stirred at that temperature for 2 h. at which 
time TLC indicated completion of the reaction. The reaction mixture 
was diluted with EtOAc (5 mL) and washed with saturated aqueous 
NaHCOi solution (2 mL), and the aqueous phase was extracted with 
ElOAc (3x2 mL). The combined organic layer was dried (MgS04). 
filtered, and concentrated. Purification by preparative thin-layer 
chromatography (silica geU 5% McOH in CH^Clj) provided a mixture 
of epothilone B (2) and its a-cpoxy diastereoisomer 57 (2.0 mg. 66%, 
ca. 5:1 ratio by *H NMR), which was separated to its components by 
a second preparative thin- layer chromatography (silica gel, 10% EtOAc 
in hexanes) furnishing pure epothilone B (2) {1 .6 mg, 52%) as a white ' 
solid. Procedure B: To a solution of lactone 4 (5.0 mg. 10.2 umol) 
in CH2O2 (0,5 mL) at -50 **C was added dropwisc a solution of 
dimethyldioxirane in acetone untill the starting material disappeared 
(TLC). The resulting solution was concentrated, and the crude product 
was subjected to preparative thin-layer chromatography (silica gel. 5% 
MeOH in CH2CI2) to give epothilone B (2) and its a-epoxy diastere- 
oisomer 57 in ca. 5:1 ratio (3.9 mg, 75%). Pure epothilone B (2) was 
obtained (3.1 mg, 60%) by preparative thin-layer chromatography as 
described above. Procedure C: Lactone 4 (3.0 mg, 6.1 /<mot) was 
epoxidized with methyl(trifluoromethyl)dioxirane according to the 
procedure described above for the epoxidaiion of 3. to yield a mixture 
of 2 and its a-epoxy diastereoisomer 57 in ca. 5:1 ratio by 'H NMR 
(2.6 mg, 85% yield). The major diastereoisomer, epothilone B (2). 
was isolated as described above (2.1 mg, 69%). 2: colorless crystals; 
mp 93 (crystallized in CHiClj/pctroIeum ether); Rf = 0.24 (silica 
gel, 4% MeOH in CHjOi); [apo -34.3 (c 0.2, MeOH): IR (thin film) 
3436, 2954. 2931. 1731. 1684. 1455, 1373. 1290, 1249. 1184. 
1 143, 1043. 1049. 973, 750 cm"'; »H NMR (600 MH2, CDOj) 6 6.97 
(s. 1 H, SCH-C). 6-59 (s, I H, C//-CCHj). 5.41 (dd. J = 7.8. 2.8 
Hz, I H. CH2COOC//), 4.22 (bs, 2 H, {CHihCCHOH, OH). 3.77 (dd, 
J = 4.3, 4.2 Hz, 1 H, C//OH). 3.30 (dq, / = 6.8, 4.1 Hz. I H, C(0)- 
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C//CH)), 2,80 (dd. J = 7.6, 4.7 Hz, 1 H, CWOCCH3). 2.70 (s. 3 H, 
N'-<:(CH3)S). 2.64 (bs, I H, OH). 2,54 (dd, J = 14.0, 10.2 Hz. 1 H. 
CH2COOCH). 2.36 (d, J = 14.0. 2.9 Hz. I H, C//:COOCH). 2, 12 (dd, 
J = 4.7. 2.8 Hz, 1 H, (CHj)COCHC//2CHO). 2.08 (s. 3 H. CH-CCW.). 
L91 (ddd. / = 15.4. 7.8, 7.6 Hz, 1 H. (CH3)COCHCff:CHO). 1.77- 
1 -68 (m. 3 H), 1 .53- 1 .46 (m, 2 H), 1 .43- 1 .37 (m. 2 H). 1 .36 (s. 3 H, 
C(C//3)OCHCH2), 1.27 (s, 3 H. QCHj):), 1.16 (d. 7 = 6.9 Hz, 3 H, 
CH(Cf/3)). 1.08 (s, 3 H. C(CHj)2), 1. 00 (d, 7 = 7.0 Hz, 3 H, CH- 
(C//3)); *H NMR (600 MHz, DMSO-t4») d 7.34 (s. I H, SCH-C). 6.49 
(s, 1 H, C//-CCH3). 5.27 (dd. J = 9.0, 2.0 Hz. I H. CH.COOC/O- 
5.07 (d, J = 6.9 Hz, I H. OH), 4.45 (bs, 1 H. OH), 4.08 (m, I H, 
{CHihpCHOH). 3.47 (d, / = 7.4 Hz, 1 H, C//OH), 3. 10 (dq. J = 6 8. 

6.5 Hz, 1 H, C(0)C//CH3), 2.81 (dd. J = 9.5. 3.3 Hz. I H, CffOCCHt), 
2.64 (s. 3 H. N=<:(CHj)S). 2.40-2.30 (m. 2 H. C//-COOCH). 2.08 
(s. 3 H. CH-CC//3), 2.05 (ddd, J = 15.0, 2,6, 1.0 Hz, 1 H. 
(CH3)COCHC//2CHO), 1.83 (ddd, / = 15.0, 9,3. 9.1 Hz, I H. 
(CH3)COCHC//2CHO). 1.61 (m. 1 H). 1.45-1.35 (m. 3 H), 1.35- 
1.25 (m, 3 H), 1.17 (s. 6 H. CiCHijOCHCHz, C(CHj).), 1.05 (d, J = 

6.6 Hz, 3 H. CH(C//3)). 0.87 (d, J = 7.0 Hz, 3 H. CH{CHi)X 0.86 (s. 
3H,C(CH3)2); '^C NMR (150.9 MHz, DMSO-<ffl) 6 2 1 8. 1 , 170.7. 164.8. 
152.5, 137.6, 119.5. 118.0. 76.7.75.7, 70.7.61.6,61.1.53.3.44.9. 35.6. 
33.0. 32,1, 29.6, 23.0, 22.4. 22,0. 19.7, 18.8. 18.4. 16.4. 14.1: FAB 
HRMS (NBA/Csl) nUe 640.1725, M + Cs^ calcd for CnHaiNOtS 
640. 1 709. A natural sample^ of epothilone B (2) exhibited properties 
identical to those reported above. 

Epothilone 58 and 59. Epoxidatlon of Lactone 56. Procedure 
A: Compound 56 (5.0 mg. 10.2 ^mol) was epo.Kidized with /nCPBA 
according to procedure A described above for 2 to yield a mixture of 
125-^pi-epothiIone B (58) and its a-epoxy diastereoisomer 59 (3.7 mg, 
73% total yield, ca. 1 :4 by 'H NMR). Purification by preparative thin- 
layer chromatography (silica gel, 5% MeOH in CH2CI2) gave pure 12/?- 
epothilone 59 (2,5 mg, 49%) as a white solid. Procedure B: The 
epoxidation of 56 (3.0 mg. 6.1 ^^moX) according to the procedure 
described above for 1 led to epothilones 58 and its a-cpoxy diastere- 
oisomer 59 (2.6 mg, 86% total yield, ca. 1:1 ratio by 'H NMR). 
Preparative thin-layer chromatography (silica gel. 5% MeOH in CH:- 
Ch) furnished pure epothilone 58 (1.3 mg, 43%) and its a-epoxy 
diastereoisomer59(1.3mg, 43%), 58: /?/= 0.52 (silica gel, 5% MeOH 
in CH2CI2); [al"o -33.1 (c 0.1, CHCh): 'H NMR (600 MHz. C^e) 
d 6,62 (s, I H. C//-CCH3), 6,44 (s. 1 H. SCH-C), 5.46 (dd. / = 7.2. 
5.1 Hz, 1 H, CH2COOC//). 4.22 (dd, J = 8.3. 3.0 Hz, 1 H, (CH,)- 
CC//OH). 3.71 (dd. J = 4.2, 3.6 Hz. I H, C//OH), 3.10 (dq. J = 8.6. 

3.7 Hz. 1 H, C(0)C//CH3), 2.95 (bs. 1 H, OH), 2.86 (dd, J = 5.8. 5.7 
Hz, I H, C//OCCH3), 2.82 (bs, I H, OH). 2.30 (dd, J = 14.8, 10. 1 Hz. 

1 H. CW2COOCH). 2-24 (dd, J = 14.8. 3.5 Hz. 1 H, C//7COOCH). 
2,19 (s. 3 H. N«C(CH3)S). 1.99 (s, 3 H. CH-CC///), 1.79-1.75 (m, 

2 H). 1.74-1.70 (m. I H, (CH3)COCHC//2CHO). 1.60-1.55 (m, 1 
H), 1.37-1.20 (m. 3 H), 1.18-1.11 (m, I H). 1.05 (d. 7 = 6.9 Hz, 3 
H, CH(C//3)). K04 (s. 6 H, C(C//3)OCHCH2). C(CH3)2). 0.92 (s, 3 H. 
C{CHih\ 0.85 (d, y = 7.1 Hz, 3 H. CH(C//j)); 'K, NMR (150.9 MHz. 
CDCI3) <3 220,3. 170.8, 134.0, 133.8, 132.3. 128,7. 116.3. 73.7,72.2. 
61.5. 59.7. 53.0. 42.5, 38.7, 38.4, 36.7. 32.4. 32.1. 22.5. 21.4. 19.5. 
17.8, 15.7. 15.4. 13.9. 12.5. 59: Rf = 0.55 (sUica gel. 5% MeOH in 
CHzOz); {a]2^D -34.5 (c 0.1. CHOs): IR (thin film) 3440, 2929. 
1731, 1693, 1467. 1384. 1294. 1257, 1151. 1050,977, 755 cm-'; 'H 
NMR (600 MHz, CX>Ch) d^6.97 (s, I H. SCH-C), 6.60 (s. 1 H, 
C//-CCH3). 5.50 (dd. y = 8^0. 4.0 Hz, I H. CHjCOOCAf), 4.25 (dd, 
y = 10.1. 3.2 Hz. I H, (CHj)2CCHOH), 3.80 (bs. I H, OH). 3.75 (dd, 
y = 5.5. 3.6 Hz, 1 H, CHOH), 3 31 (dq, J = 6.7, 6.3 Hz, 1 H, C(0)- 
C//CH3), 2.88 (dd, y = 6.3. 4.5 Hz. 1 H. Cf/OCCHj). 2.69 (s. 3 H. 
N'-C(CHj)S), 2.59 (bs, 1 H, OH). 2.55 (dd, J = 13.5, 10.4 Hz, I H, 
CZ/jCOOCH), 2,45 (dd. J = 13.5, 3.7 Hz. 1 H, C//2COOCH), 2.08 (s, 

3 H. CH— CC//i), 2.05-1.97 (m, 3 H). 1.95-1.90 (m, 1 H, 
(CH3)COCHC//2CHO), 1.75-1.70 (m, 2 H). 1.51-1.45 (m. 3 H). 1.37 
(s. 3 H, C(C//3)OCHCH2). 1-27 (s. 3 H, C{CHM, 114 (d, y = 6.9 
Hz, 3 H, CH(C//j)). 1-04 (s. 3 H. C(CH3)2). 0.95 (d. J = 6.9 Hz, 3 H, 
CHiCHj)); '^C NMR (150.9 MHz, CDQj) 6 219.6, 170.7, 164.9, 152.1. 
1 36-6. 1 19.8, 1 16.4. 77.6. 75.9. 73.3, 61 .3, 59 9. 52.9. 44.2. 38.8, 37.2, 
36.4, 32.9, 31.3. 21.9, 21.3, 19.8, 19.4, 17.9, 17.4. 14.8; FAB HRMS 
(NBA/CsI) m/e 640.1686. M + Cs^ calcd for C27H4,N06S 640.1709. 

GL^- Unsaturated Ester 60. A mixture of aldehyde 15 (5.17 g. 15.9 
mmol) and stabilized ylide 16 (8.92 g. 24.0 mmol. 1^5 equiv. prepared 
from 4-bromo- 1 -butcne by (i) phosphonium salt formation, (ii) anion 
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formation with NaHMDS. and (iii) quenching with MeOC(O)Cl)^^) »n 
benzene (300 mL, 0.05 M) was heated at reflux for 3 h. After being 
cooled to 25 'C, the solvent was removed under reduced pressure and 
the residue was subjected lo flash column chromatography (silica gel. 
30% ether in hcxanes) to afford OL^-unsaturated ester 60 (7.15 g. 
95%): Rf = 0.65 (silica gel, 40% ether in hexancs): (aj^o +10.4 (c 
1.4. CHQj); IR (ihin film) 2939, 2856, 1715, 1644. 1504, 1464. 
1437. 1365. 1284. 1252, 1209. 1076. 955, 836, 776 cm"'; 'H NMR 
(500 MHz, CDCh) 6 6.91 (s. I H, SCH-C), 6.87 (d. J = 7.4 Hz. 1 H, 
CH-CCOOCHih 6.47 (s. I H. CH-CCHj), 5.83-5.71 (m, 1 H, 
CW-CH2), 5.01-4.92 (m. 2 H. CH-CH^), 4.19 (dd, J = 7.7. 4.9 Hz, 
1 H. CHOSi). 3.69 (s, 3 H, COOCHj). 3 05 (d, J == 6.0 Hz, 2 H, C«r 
CH-CH2). 2.67 (s. 3 H, N-C{S)CHjX 2.46 (ddd, J = 15. L 7.7, 7.4 
Hz, 1 H, C/fjCHOSi), 2.39 (ddd, / = 15.0. 7.5, 5.0 Hz, I H, CH2- 
CHOSi), 1.99 (s, 3 H, CH-CC//3). 0.86 (s, 9 H, SiC(CH3h). 0.03 (s. 
3 H. SiCCHjh), -0.02 (s. 3 H, Si(CHjh): ''C NMR (125.7 MHz. 
CDCh)<5 167.8, 164.4. 152.8, 141.5, 140.6. 135 3. 130.7, 1 19.U 115.5, 
115.1, 77.6, 51.7. 36.1,30.9, 25.7. 19.2, 18.1, 13.9, -4.7, -5 J; FAB 
HRMS (NB.A/CsI) mJe 554.1168, M + Cs"^ calcd for Ci2H33NOjSSi 
554.1161. 

AUyUc Alcohol 61. Methyl ester 60 (6.1 g. 14.4 mmol) was 
dissolved in THF (80 mL) and cooled 10 -78 ^C. DIBAL (44.0 noL, 
I M solution in CHjCh, 44.0 mmol, 3.0 equiv) was added dropwisc at 
-78 ^'C, and the reaction mixture was stirred for 3 h. The reaction 
mixture was quenched with MeOH (1.0 mL) at -78 °C, and then ether 
(100 mL) was added, followed by saturated aqueous sodium -potasium 
tartrate solution (10 niL). The resulting mixture was allowed to warm 
to room temperature, where it was stirred for 3 h. The organic layer 
was separated, and the aqueous phase was extracted with ether (2 x 
50 mL). The combined, organic phase was dried (MgSO*), filtered, 
and concentrated undcrreduccd pressure. Flash column chromatog- 
raphy (silica gel, 40 — 80% ether in hcxanes) furnished alcohol 61 
(5.58 g. 98%): /?/ = 0.18 (silica gel, 40% ether in hexanes); [af-o 
+6.6 (c 1.1. CHCh);^ (thin film) v,^ 3380,2928. 2855, 1637. 1505, 
1464. 1386, 1253. 1185. 1074. 836, 776 cm"'; 'H NMR (600 MHz. 
CDCb) d 6.88 (s, I H, SCH-C). 6.41 (s. 1 H, C//-CCH3), 5.77- 
5.69 (m, 1 H, CW-CHj). 5.48 (dd, / = 7.3. 7.2 Hz, 1 H, CW-<:0^2- 
OH), 5.00 (dd, J = 15-5, 3.3 Hz, 1 H, CH-KTW, 4.93 (dd. J = 10.0, 
3.3 Hz, 1 a CH-C//2), 4.12 (dd, y = 6.5. 6.4 Hz, I H. CHOSi), 3.97 
(s. 2 H, C//2OH), 2.86-2.76 (m, 2 H. C//2CH-CH2), 2.65 (s. 3 H, 
N-C(S)CH3), 2.53 (bs, 1 H. OH), 2.36-2.24 (m, 2 H, CHzCHOSW 
1.94 (s. 3 H, CH-<:CHj). 0.86 (s, 9 H, SiC(CH3>3), 0.02 (s, 3 H, Si- 
(CH5)2), -0.02 (s. 3 H. Si(CH3)2); '^C NMR (150.9 MHz, CDO,) 6 
164.5, 152.8. 142.0, 138.1, 123.7, 1 18.7, 1 15.2. 1 14.9, 78.3, 66.6, 34.7. 
32.4. 25.7, 19.0, 18.1, 13.7. -4.«, -5.0; FAB HRMS (NBA) mJe 
394.2232, M + H* calcd for C2»H35N02SSi 394.2236. 

Compound 62. CWorination of Alcohol 61. Alcohol 61 (3.00 g, 
7.60 mmol) was dissolved in CCU (75 mL, O.l M). and PhjP (4.00 g. 
15.2 mmol, 2.0 equiv) was added The reaction mixture was stirred at 
1(X) ^C for 24 h and cooled to room temperature, and the solvent was 
removed under reduced pressure. Flash colunm chromatography (silica 
gel. 10% ether in hexancs) furnished pure 62 (2.6 g, 83%): Rf = 0.50 
(siUca gel. 15% ether in hcxanes): [aj^o +13.7 {c 1.0. CHCly): IR 
(thin film) 2953, 2928, 2855. 1637. 1504, 1470, 1439, 1387, 1254. 
1 182. 1075. 953, 917. 836, 776 cm"'; 'H NMR (600 MHz, CDCI3) d 
6.93 (s, 1 H. SCH-C). 6.47 (s, I H, CW-CCH3). 5.77-5.69 (m. I H, 
CH^Hzh 5.66 (dd. / = 7.5. 7.2 Hz. 1 H, CHzCi^-CCHzO). 5.07 
(dd, J = 17.1, 1.6 Hz. 1 H. CH-CWi). 5.02 (dd, J = 10.1, 1.4 Hz. I 
H. CH-CW. 4.14 (dd, J = 7.2. 5.5 Hz, 1 H, CHOSi), 4.02 (s. 2 H. 
CHzQ). 2.99-2.89 (m, 2 H. O/iCH-CHj). 2.71 (s. 3 H. N-C(S)CH3). 
2.52-2.27 (m, 2 H. Cf/jCHOSi), 1.99 (s. 3 H, CH-CCf/jX 0 88 (s. 9 
H. SiC(CH,)3), 0.05 (s. 3 H. Si(CH3)2). 0.00 (s, 3 H. Si(CH3)2); '^c 
NMR (150.9 MHz. CDCl3)<J 164.3, 152.9. 141.8. 134.9. 134.7. 128.9, 
1 19.0, 1 16.2, 1 15.2. 78.1, 49.9. 33.3, 32.3, 25.8, 19.2. 18.2, 13.9. -4.7, 
-5.0; FAB HRMS (NBA) m/e 412.1884. M + H* calcd for C2iH34- 
ClNOSSi 412.1897. 

Compound 63. Reduction of 62. Compound 62 (2.60 g. 6.30 
mmol) was dissolved in THF (60 mL. 0. 1 M) and cooled to 0 "C. UEij- 
BH (12.6 mL. 1.0 M solution in THF, 12.6 mmol. 2.0 equiv) was added 
dropwisc. and the reaction mixture was stirred at 0 **C for I h. Aqueous 
NaOH (1.0 mL, 3.0 N) solution was added followed by addition of 
Et:0 (150 mL). The organic phase was washed with brine (2 x 20 
mL). dried ( MgS04) and conccnuated. Flash column chromatography 
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(silica gel. 20% etcher in hexanes) furnished pure 63 (2.38 g. 99%): Rf 

- 0.60 (silica gel. 15% ether in hexanes); (a)"D +17.1 (cO.7. CHCI3): 
IR (thin film) v_ 2923, 2856, 1637. 1505. 1464, 1253. 1181. 1075, 
946 836, 776 cm"'; 'H NMR (600 MHz, CDCh) d 6.91 (s. i H. 
SCH-C), 6.45 (s, I H. C//-CCH3). 5.77-5 68 (m. I H. C//-CH:). 
5-22 (dd, J = 7.3, 7.0 Hz, I H, CHjCW-CCHj), 5.01 (dd. J = 17.1. 
3.2 Hz, 1 H. CH-C«2), 4.96 (dd. J = lO.l. 3.3 Hz, I H. CH=C//>), 
4 09 (dd y = 7.2, 5.9 Hz. I H. CHOSi). 2.80 (dd. J = 14.5. 6.5 Hz, 
1 H. C//2CH-CH2). 2.73-2.68 (m, 1 H. CW2CH-CH2), 2.70 (s, 3 H, 
N-C(S)CH3), 2.32-2.19 (m, 2 H, CM2CHOS1), 1.99 (s. 3 H. 
CH-CCH3). 1.66 (s. 3 H, CH2CH-CC//3). 0.88 (s. 9 H, SiC(CHO)). 
0.04 (s. 3 H. Si(CH3)2). -0.01 (s, 3 H. Si(CH3)2); '^C NMR (150.9 
MHz. CDa3)<5 164.3, 153.2, 142.5. 136.0. 134.4. 122.5, 118.7, U5.1, 
1 14.9. 78.9. 36.6, 35.3. 25.8, 23.5. 19.2. 18.2, 13.9. -4.8. -5-0; FAB 
HRMS (NBA) m/e 378.2279. M + H* calcd for CiiHjjNOSSi 
378.2287. 

Primary Alcohol 64. Selective Hydroboration of Olefmic Com- 
pound 63. Compound 63 (1.1 g, 2.91 mmol) was dissolved in THF 
(3.0 mL, 1.0 M), and the solution was cooled to 0 **C. 9-BBN (7.0 
mL, 0.5 M solution in THF. 3.5 mmol, 1.2 equiv) was added, and the 
reaction mixture was sdrred for 2 h at 0 ^C. Aqueous NaOH (7.0 mL. 
3 N soluuon. 21.0 mmol, 7.2 equiv) was added with stirring, followed 
by H2O2 (2.4 mL. 30%. aqueous solution). Stirring was conunued for 
0.5 h at O ^'C, after which time the reaction mixture was diluted with 
ether (30 mL). The organic solution was separated, and the aqueous 
phase was exu^ctcd with ether (2x15 mL). The combined organic 
layer was washed with brine (2x5 mL), dried (NaiSOj). and 
concentrated in vacuo. Flash column chromatography (silica gel. 50 

— 80% ether in hexanes) furnished primary alcohol 64 (l.O g, 9l%): 
/? = 0.17 (siUca gel. 50% ether in hexancs); [a]^ +3.6 (c 0.2. CHCl.O: 
IR (thin film) v_ 3381. 2953, 2929, 2856. 1723. 1660, 1469. 1444. 
1376 P53 1185 1073, 941. 837, 776 cm"'; 'H NMR (600 MHz, 
CDClj) d 6.91 (s, 1 H, SCH-O, 6.44 (s, 1 H. CH-CCHj), 5. 17 (dd. 
J - 7.0, 6.9 Hz. 1 H. CH2CH-CCH,), 4. 1 1 (dd, y = 7. 1. 5-7 Hz, 1 H. 
CHOSi), 3.59 (dd, J = 6.5. 6.4 Hz. 2 H, CW:OH). 2.70 (s. 3 H, N-C- 
(S)CHj), 2.35-2.28 (m. I H. C//:CHOSi). 2.27-2.20 (m. I H, C//2- 
CHOSi). 2.10 (dd. J = 7.6, 7.5 Hz, 2 H CHzCH^CH.OH), 1.98 (s, 3 
H CH-CC//3), 1.67 (s. 3 H, CHzCH-CCHi), 1.67-1.58 (m. 2 H, 
CW^CHiOH). 0.88 (s, 9 H. SiC(CH,)3). 0.04 (s, 3 H, Si(CH3)2). -0.01 
(s 3H Si(CHj)2); '^C NMR (150.9 MHz. CDCl3)<5 164.5. 153.0, 142.7. 
136 Z 122.2, 118.5. 115.0,78.9,62.4, 35.4. 30.7,28.0, 25.8.23.3, 19.2. 
18.3. 14.0. -4.7, -5.0; FAB HRMS (NBA) m/e 396.2382, M + H* 
calcd for Ci,H37N02SSi 396-2393. 

Iodide 14. Iodide 14 (1.18 g. 92%) was prepared from alcohol 64 
(1 .0 g. 2.53 mmol) according to the procedure described above for 27. 
14- Colorless oil; Rf = 0.65 (silica gel. 20% ether in hexanes); [a]"D 
+7 5 (c 0.8, CHCI3); IR (thin film) 2955, 2930. 2855. 1504, 1462. 
1444, 1376, 1360. 1253. 1183, 1074, 942. 837. 776 cm"; 'H NMR 
(500 MHz, CDCh) d 6.91 (s. 1 H, SCH-C). 6.46 (s. 1 H. C//-CCH3), 
5 20 (dd, J ^ 7.3. 7.1 Hz, 1 H, CHjC/f-CCHj), 4.09 (dd. J = 7.4. 5.5 
Hz. 1 H. CHOSi). 3.14 (dd, 7 = 7.1. 7.0 Hz, 2 H. CH^D, 2.69 (s, 3 H, 
N-C(S)CH3). 2.34-2.27 (m. I H. C/f^CHOSi). 2.26-2.19 (m, 1 H, 
CWjCHOSi), 2.17-2.03 (m. 2 H), 2.00 (s. 3 H. CH-CCH,), 1.93- 
l 86 (m, 2 H), 1.67 (s. 3 H. CH2CH-CC//3) 0.88 (s. 9 H, SiC(CH3)3), 
0.04 (s. 3 H. Si(CHi)3). -0.01 (s, 3 H, Si(CH3)2); '^C NMR (125.7 
MHz. CDCh) <5 164.2. 153.1^142.3, 134.6. 123.1. 118.6, 115.0.78.8. 
35.4 32.6. 31.9, 25.8. 23,4, 19.2, 18-2. 14.0. 6.5. -4.7. -5.0; FAB 
HRMS (NBA) m/e 506.1422, M + H"^ calcd for C2iH3jNOSSi 
506-1410. 

Hydrazone 65. Aikylation of SAMP Hydrazone 13 with Iodide 
14. SAMP hydrazone 13'5 (337 mg. 0.2 mmol. 2.0 equiv) in THF 
(2.5 mL) was added to a freshly prepared soluuon of LDA at 0 ^'C 
[diisopropylamine (277 //L, 0.20 mmoL 2.0 equiv) was added to /i-BuLi 
(1.39 mL. 1.42 M solution in hexanes. 0.20 mmol. 2.0 equiv) in 2.5 
mL of THF at 0 "C] at 0 'C. After being stirred at that temperature 
for 8 h. the resulting yellow solution was cooled to -100 "C and a 
solution of iodide 14 (0.5 g, 0.99 mmol. 1.0 equiv) in THF (3 mL) 
was added dropwise over a period of 5 min. The mixture was allowed 
to warn} to -20 *C over 10 h and then poured into saturated aqueous 
NH4CI solution (5 mL) and extracted with ether (3 x 25 mL). The 
combined organic extracts were dried (MgS04). filtered, and evaporated. 
Purification by flash column chromatography on silica gel (20 — 40% 
ether in hexanes) provided hydrazone 65 (380 mg, 70%, dc > 98% by 
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'H NfMR) as a yellow oil: = 0. 1 7 (silica gel. 20% ether in hcxancs); 
(apD -27.8 (c 2.6, CHOj); IR (thin film) 2931. 2861, 1724, 
1653, 1599, 1499, 1451. 1374, 1249. 1178, 1077, 940, 834. 774. 727. 
673 cm-'; 'H NfMR (500 MHz, COaj) 6 6.91 (s, I H, SCH*=C). 6.48 
(d. J = 6.6 Hz, I H, CNH). 6.44 (s. 1 H. C/Z-CCHj). 5.12 (dd, J = 
7.1, 6.9 Hz, 1 H, CHiCH^CH^). 4.07 (dd, J = 6.8, 6.2 Hz, I H, 
CHOSi), 3.55 (dd. y = 9.1, 3.7 Hz, I H, C//2OCH3). 3.41 (dd, / = 
9.1. 6.9 Hz, 1 H, QH^OCAii. 3.36 (5, 3 a CH2OC//3X 3.35-3.32 (m, 

2 H, CHzN)^ 2.70 (s, 3 H. N-C(S)CH3), 2.69-2.62 (m, I H), 2.31- 
2.17 (ni, 3 H). 2.04-1.84 (m, 5 H), 1.99 (s, 3 H. CH^CCWa), 1.79- 
1.72 (m, 1 H), 1.64 (s, 3 H, CH^H-CCWj) 1.41-1.22 (m, 4 H), l.Ol 
(d, / = 6.9 Hz, CHC/fa), 0.88 (5, 9 H, SiC(CH3)3), 0.04 (s, 3 H, Si- 
(CH^h). -0.01 (s, 3 H. SiCCHsh); NMR (125.7 MHz, CDClj) 6 
164.2. 153.1. 144.3, 142.4, 136.6, 121J. 118.5, 114.8.78.9,74.7.63.4, 
59.1, 50.4. 37.0, 35.3. 35-2, 31.8. 26.4, 25.7. 25.4, 23.3, 22.0. 19.1, 
18.9. 18.1. 13.8. -4.8. -5.0; FAB HRMS (NBA) nde 548.3728, M + 
H* calcd for CsoHsiNsOjSSi 548.3706. 

Nitrile 66- Monoperoxyphthalic acid magnesium salt (MMPP-6H20. 
233 mg, 0.38 mmol. 2J eqaiv) was suspended in a rapidly stirred 
mixture of McOH and pH 7 phosphate buffer (1:1, 3.0 mL) at 0 °C. 
Hydrazone 65 (83 mg. 0.15 mmol, l.Ocquiv) in MeOH (1.0 mL) was 
added drbpwise, and the mixture was stirred at 0 '^C until the reaction 
was complete by TLC (ca. 1 h). The resulting suspension was placed 
in a separating funnel along with ether (15 mL) and saturated aqueous 
NaHCOj solution (5 mL). The organic layer was separated, and the 
aqueous phase was extracted with ether (10 mL). The combined organic 
solution was washed with water (5 mL) and brine (5 mL), dried 
(MgS04), and concentrated. Rash column chromatography (silica gel, 
50% ether in hexancs) afforded nitrile 66 (53 mg, 80%) as a colorless 
oil: Rf = 0.44 (silica gel. 50% ether in hcxanes); [a]^o +10.3 (c 3.2, 
CHa3);IR (thin film) 2926. 2855. 1503, 1457, 1381, 1250, 1179. 
1072, 935. 833. 773. cm'*; 'H NMR (500 MHz. CDClj) 6 6.92 (s, I 
H. SCH-O. 6.45 (s. 1 H. C/f-CCH)), 5.18 (dd. J = 7.0, 6.5 Hz, 1 

H, CHzC/Z-CCrHj), 4.08 (dd, 7 = 6.5, 6.0 Hz. 1 H, CHOSi). 2.70 (s, 

3 H. N-<:(S)CH3). 2.60-2.53 (m, 1 H), 2.30-2.18 (m, 2 H), 2.11- 

I. 97 (m. 2 H), 1.99 (s, 3 H. CH-CCf/3). 1,67 (s, 3 H, CYk^iCW^CH^) 
1.67-1.45 (m, 4 H), i-.29 (d, J = 6.9 Hz, CHCHi), 0.88 (s, 9 H, SiC- 
(CHj)3), 0.04 (s, 3 H, Si(CH3)2), -0.01 (s, 3 H, Si(CH3)2); NMR 
(125.7MHz,CIX:i3)(5 164.3, 153.0. 142.3, 135.5. 122.8, 122.4, 118.6, 
114.9, 78.4. 35.3, 33.6, 31.1, 25.7. 25.4, 25.1. 23.2, 19.1. 18.1, 17.9. 
13.9, -4.8, -5.1; FAB HRMS (NBA) m/e 433-2720, M + H^^ calcd 
for CzJlioNjOSSi 433.2709. 

Aldehyde 8. Nitrile 66 (53 mg, 0. 12 mmol) was dissolved in toluene 
(2.0 mL) and cooled to -78 °C. DfBAL (245 1 M solution in 
toluene. 0.22 mmol. 2.0 equiv) was added dropwise at -78 *'C. and 
the reaction mixture was stirred at that te mp erature until its completion 
was verified by TLC (ca. 1 h). Methanol (150 /<L) and aqueous HCl 
(150 piL, 1 N solution) were sequentially added, and the resulting 
mixture was brought up to 0 ^'C and stirred at that temperature for 30 
min. Ether (5 mL) and water (2 mL) were added, and the organic 
layer was separated. The aqueous phase was extracted with ether (2 
X 5 mL), and the combined organic solution was washed with brine 
(5 mL), dried (MgS04). filtered, and concentrated under reduced 
pressure. Flash column chromatography (silica gel, 15% ether in 
hcxanes) ftimished pure aldehyde 8 (44 mg, 82%): /?/ = 0.48 (silica 
gel, 50% ether in hexancs); [apo +14.7 (c 1.7, CHCI3); IR (thin film) 
v„^29l5, 2859, 1721. 1500, 1455, 1381. 1251. 1183, 1070,940. 832, 
770 cm-*; 'H NMR (500 MHz, CDCli) 6 9.60 (d, / = 1-9 Hz. 1 H, 
CHO). 6.92 (s, I H, SCH-C), 6.45 (s, 1 H, C//-CCH3). 5.16 (dd. J 
= 7.1, 7.0 Hz, 1 H. CHzC/^^CHs). 4.08 (dd. J = 7.0, 5.5 Hz, I H, 
CHOSi). 2.70 (s, 3 H, N-C(S>CH}), 2.36-2.18 (m. 3 H). 2.07-2.01 
(m. 2H), 1.99 (s, 3 H, CH-CCtfj). 1.71 - 1.64 (m, 1 H), 1.66 (d, J = 
l.O Hz, 3 H, CHtCH-CO/j). 1.43-1.29 (m, 3 H), 1.08 (d. J = 7.0 
Hz, 3 H. CHjCH), 0.88 (s. 9 H. SiC(CH3)3), 0.04 (s. 3 H. Si(CH3)2), 
-0.01 (s, 3 H, Si(CH3)2); ^K, NMR (125.7 MHz. CDa3) 6 205.0. 164.4. 
153.1, 142.3. 135.9. 122.0. 118.6, 114.9. 78.8, 46.1. 35.3. 31.7. 30.2, 
25.7,25.1.23.3. 19.1. 18.2, 13.8, 13.2. -4.8. -5.1; FAB HRMS (NBA) 
m/tf 436.2717, M 4- H+ calcd for Ci4H4iN02SSi 436.2706. 

12Z-Carboxyiic XMm 52 and S3. Aldol Reaction of Keto Add 
9 with 12Z- Aldehyde 8. A sohition of keto acid 9 (365 mg. 1.21 
mmol. 1.6 equiv) in THF (5.0 mL) was reacted with 12Z-aldehyde 8 
(330 mg, 0.76 mmol, 1 .0 equiv) accordiag to the same procedure as 
described above for the condensation of 9 and 8 to afford, after simitar 
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processing, geometrically pure 1 2Z-carboxylic acids 52 (207 mg. 32rc) 
and 53 (181 mg. 28%) and recovered 9. 12Z'Carbo.tylic add 52: Rf 
= 0.56 (silica gel, 5% MeOH in CHrCh); (apo -2.9 (c 0.8. CHO.*): 
IR (ihin film) 2933. 2854. 1708. 1464. 1385. 1249, 1187. 1079. 
983, 830. 773 cm"'; 'H NMR (500 MHz. CDCI3) 6 6.92 (s. I H. 
SCH-C). 6.58 (s. I H. C/Z-CCHs). 5.15 (dd, 7 = 7.4, 7.1 Hz. 1 H. 
{CHi)C^HCH2Y 4.39 (dd. J = 6.7. 3.0 Hz, I H, (CH3):CCWOSi). 
4.1 1 (dd. J = 7.3, 5.7 Hz, 1 H, CHtCWOSi). 3.74 (dd, J = 6.1, 1.8 Hz. 

1 H, CH(CH3)C//OSi). 3.13 (dq. J = 7.0. 6.5 Hz, I H. C(0)CH(CH?)), 
2.70 (s, 3 H. N-C(CHj)S), 2.44 (dd. J = 16.4, 3.1 Hz, 1 H, CHr 
CCX)H), 2.31 (dd. J = 16.4, 6.8 Hz, I a CWzCOOH), 2.28 -2.04 (m, 
3 H, CA/2C(CH3)-CH. CH2C(CH3)-<:HCW, 1.94 (s, 3 H, CH--C- 
(Cf/j)), 1.96-1.86 (m. I H), 1.66 (s, 3 H. CH2C(C//3)-<H). 1.47- 
1.31 (m, 4 H), 1.17 (s, 3 H. C(CH3)2), 1.12 (s, 3 H. CiCHM^ 1.21- 

1.09 (m, 1 H). 1.08 (d, y = 6.8 Hz, 3 H. CH(C//3)). 0.90-0.85 (m. 30 
H. CH(Cf/j), 3 X SiC(CHj)j). O.IO (s. 3 H, Si(CHj):), 0.06 (s, 3 H, 
Si(CHj)2). 0.05 (s, 3 H. Si(CHi)2). 0.03 (s, 3 H, Si(CHj)2), 0.02 (s, 3 
H. Si(CHj)2). -0.02 (s. 3 H. Si(CHj)2); '^C NMR (125.7 MHz. CDCl,) 
d 218.2. 175.5, 165.0, 152.8, 143.4. 137.0. 121.6, 118.2. M4.5, 79.1. 

73.1. 53.8. 44.4; 40.0. 39.2. 35.3, 32.4. 31.4. 26.2. 26.0, 25.8, 25.7. 
23.5,23.4, 18.S, 18.7, 18.4, 18.2. 16.8. 15.8. 13.9. -3.9. -4.0. -4.1. 
-4.6. -4.7. -5.0; FAB HRMS (NBA^CsI) m/e 984,4427, M + Cs" 
calcd for C*5H45N06SSi3 984.4460. 12Z-Carboxylic add S3: R/ = 
0.65 (silica gel. 5% MeOH in CH3CI2); [apo +6.2 {c 0.6, CHCIj); IR 
(thin film) 2933, 2854, 1708. 1459. 1386, 1249, 1074. 988, 830, 
773 cm->; 'H NMR (500 MHz. CDCl^) 6 6.91 (s, 1 H, SCH-C). 6.45 
(s. 1 H. C//-<:CH3), 5.12 (dd, y = 7.4, 6.9 Hz, 1 H. {CHi)C~CHCHi\ 
4.56(dd,y=6.1,5.6 Hz, 1 H. (CH3)2CC//OSi). 4.07 (dd, y = 7.6. 5.6 
Hz, I H, CH2C//OSi). 3.85 (d, J = 8.4 Hz, 1 H, CH(CH3)C/fOSi). 

3.10 (dq. y = 7,1, 7.0 Hz, 1 H, C(0)C^/(CH3)). 2.75 (s, 3 H. N-C- 
{CH3)S). 2.43-2. 10 (m, 4 H), 1.96-1.88 (m, 2 H). 1.91 (s. 3 H, CH-C- 
(C//j)), 1.66 (s, 3 H, CH2C(C//3)-<:H), 1.35-1.02 (m, 14 H, C//(CHj,), 

2 X CHi. C(CHj)2. C(CH3)2. CH(C//3)), 0,92-0,80 (m. 30 H. 3 x SiC- 
(CHj)j, CH(C//j)), 0.09-0.01 (m, 18 H. 3 x Si(CHi)2): NMR (125.7 
MHz, CDClj)5 2l8.l, 174.2. 165.4, 152.3, 143.7. 137.1, 121.6, 117.9. 
114,4, 78.9. 72.4, 53.8. 45.8. 40.4, 38.3. 35.6. 35,3. 32.3, 26.7, 26.3, 

26.2. 26.0. 25.8. 25.7. 23.9, 23.3. 18.6. 18.5. 18.4. 17.1, 13.9. 13.4. 
-3.4, -3.6, -4,3. -4.6. -4.7, -4.9; FAB HRMS (NBA/CsI) m/e 
984.4430, M + Cs"^ calcd for C45Ha5N06SSi3 984.4460. 

12Z-Hydroxy Add 6. l2Z-CarboxyUc acid 52 (400 mg, 0.47 mmol) 
was converted to l2Z-hydroxy acid 6 (253 mg, 73% yield) according 
to the same procedure described above for 5. 6: yellow oil; /?/= 0.41 
(siUca gel, 5% MeOH in CH2CI2); [a]^o -10.4 {c 0.4. CHCIj): IR 
(thin film) 3227. 2933, 2852. 171 1, 1696, 1468, 1387. 1245. 1189. 
1087, 986. 834, 773 cm'*; 'H NMR (500 MHz. CDClj) 6 6.95 (s. I H 
SCH-Q, 6.67 (s, 1 H. C//--CCH3), 5.19 (dd, \ H, J ~ 7,5, 7.0 Hz. 
CHjC-KT/ZCHz). 4.41 (dd, J = 6.0, 3 5 Hz. I H, {CHyhCCHOSi), 4.16 
(dd, J = 6.6, 6.5 Hz, I H. CH2C//OH). 3.78 (d, 7 = 6.9 Hz. i H. 
CH(CH3)C//OSi). 3. 13 (dq, J = 6.9. 6.6 Hz. 1 H. C(0)CHCH3). 2.72 
(s. 3 H, N— C(CH3)S). 2.47 (dd, J = 16.2, 3.9 Hz. I H, CM2COOH), 
2.40-2.35 (m, 3 H, C//2C(CH3)— CH, CH2COOH). 2.17-2.10 (m. I 
H, C(CH3)-CHC//2). 2.00 (s, 3 H. CH-C(C/fi)). 1.99-1.93 (m, 1 H, 
C(CH3)-CHCf/2), 1.72 (s. 3 H, CH2C(CW3)-CH). 1-53-1.35 (m. 5 
H). 1.19 (s. 3 H, C(CH3)2). 1.14 (s, 3 H. C{CHM. 1.07 (d, / = 6.7 
Hz, 3 H, CH(C//3)), 0:94-0.84 (m. 2i H. CH(CWj). SiC(CHj)j). 0.1 1 
(s, 3 H. Si(CHi)2). 0.07 (s, 6 ^J,'Si(CHi>2), 0.05 (s. 3 H, Si(CH^h); '^C 
NMR (125.7 MHz, CDCI3) d 217.9, 174.8, 165.1, 152.3, 142.1. 139.4, 
120,2, U8.5, 115.0.73.2, 53 8.44.5,40.0. 39.1.34.1.32.4,31.2,26 2. 
26.1, 25.9. 23.5. 23.3. 18.9, 18.6. 18.3. 18.1, 16.8. I6.O, 14.6. -3.9. 
-4.1. -4.2, -4.7; FAB HRMS (NBA/CsD m/e 870.3632, M + Cs^ 
calcd for CwH7iN06SSi2 870.3595. 

Hydroxy Acid 67. 12Z-Carboxylic acid 53 (200 mg, 0.24 mmol) 
was converted to 12Z-hydroxy acid 67 (123 mg, 71% yield) according 
to the procedure described above for 5. 67: yellow oil; R/ = 0.45 
(silica gel, 5% MeOH in CH2CI2); [apo -8. 1 (c 0,3. CHQs); IR (thin 
film) vrr^ 3227, 2933, 2862, 1711. 1691. 1463, 1382, 1250. 1189. 1082, 
986. 834, 773 cm"'; 'H NMR (500 MHz, CDOj) 6 6,96 (s. 1 H 
SCH-C), 6.61 (s. 1 H, Cf/-CCH3). 5.15 (dd, 1 H, y = 7.5, 7.0 Hz, 
CH3C-C//CH2). 4.55 (dd, y = 6. 1 . 3.5 Hz, 1 H, (CHj)2CC//OSi). 4. 12 
(dd, y = 8.0, 4.5 Hz, 1 H, CH2C//OH). 3.86 (d, J = 8.2 Hz. 1 H. 
CH(CH3)CHOSi), 3.12 (dq, J = 7.2, 7.0 Hz, 1 H. C(0)C//CH3). 2.75 
(s. 3 H, N-<:(CH3)S), 2.37-2.30 (m. 5 H. C//:C(CH3)-CH. C//2- 
COOH. C(CH3)«CHC//2), 1.98 (s. 3 H, CH-C(C//i)), 1.94-1.89 (m. 
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1 H). i.72 (s. 3 K. Cri2C(C//3)-<:H). 1.39-1.04 (m. U H, C/ZCCH^}. 
CH(CH3). 2 X CHj, C(CH3)2). 0.95-0.84 (m, 21 H, SiC(CKj)i. CH- 
(CHj)), 0.09 (s. 3 H, Si(CHih). 0.08 (s. 3 H, SifCHi),). 0.07 (s. 6 H. 
SiCCHih); '^C NMR (125.7 MHz, CDOj) d 218.6, 174.0. 165.6, 152.0, 
142-4, 139.4, 120.1. 118.0, U4.7. 72.4, 53.8, 45.8. 40.4, 38.4, 35.5. 
34.0, 32.1, 26.4. 26.2, 26.0. 25.9. 23.8. 23.6, 18.5, 18.4, 18.2, 17.2. 
14.9, 13.2. -3.5. -3.7. -4.4, -4.8; FAB HRMS (NBA/CsI) m/ir 
870.3574. M + Cs* calcd for Cj^HTiNOftSSk 870.3595. 

Lactone 54. Macrolactoaization of 12Z-Hydroxy Add 6. 12Z- 
Hydroxy acid 6 (8.1 mg. 0.011 minol) was cycliied according to the 
procedure described above for 6' to afford lactone 54 (6.1 mg, 77%). 

Lactone 68. Macrolactonization of 12Z-Hydroxy Acid 67, The 
macTolactonization of 12Z-hydroxy acid 67 (5.0 mg, 0.007 mmol) to 
lactone 68 (3.7 mg, 76%) was carried out according to the procedure 
described above for 6'. 68; coloriess oil; /?/ = 0.83 (silica gel, 2% 
MeOH in CHaCh); [apo -31.8 (c 0.1. CWCM)\ IR (thin film) 
2931, 2860, 1736, 1690. 1461, 1384. 1360. 1296, 1249. 1084, 985, 
832, 773 cm-'; 'H NMR (600 MHz, CDCb) 6 6.98 (s, I H. SCH-<:). 
6.45 (s. 1 H, C/^-CCHj). 5.07-5.21 (m. 2 H. CHjC-KTZ/CHz, CHr 
COOC//), 4.32 (dd, y = 6.8. 5.0 Hz, I H. CHOSi). 4.05 (d. J = 5.7 
Hz, 1 H. CHOSi). 3.17 (dq, y = 7.0, 6.8 Hz, 1 H, C(0)C//CH3), 2.70 
(s, 3 H, N-C(CH3)S). 2.57-2.52 (m, 1 H), 2.29 (dd, J = 14.4, 4.6 
Hz, 1 H, C//2COOCH), 2.27-2.13 (m. 1 H). 2.25 (dd, J = 14.5, 7.0 
Hz, 1 H. CHzCOO), 2.20-2.15 (m. I H), 2.14 (s, 3 H, CH-<:(C//3)). 
1.88-1.82 (m, 1 H). 1.57-1.52 (m, 2 H), 1.47-1.38 (m, 3 H), 130 
(s, 3 H, C(CH3)2). I.ll (d, y = 7.2 Hz, 3 H, CH(C//3)). 1. 08 (s, 3 H, 
_C(CH3):). 0-91 (s, 9 H, SiQCH,))), 0.89-0.82 (bs. 12 H. SiaCHj)^. 
CH(C//j)), O.ll (s. 3 H. Si(CH3)2), 009 (s. 3 H. Si(CH3)2). 0.06 (s, 3 

H, Si(CH3)2). -0.03 (s. 3 H. Si(CHj>2); NMR (150.9 MHz. CDClj) 
6 220.2, 170.9. 164.8, 153.1. 140.0. 137.6. 120.2. 118.9. 116.3, 79.3, 
74.0, 53-3, 48.0. ^Ti, 39.7. 34.9. 31.4. 31.3, 26.6, 26.1, 25.9, 25.3. 
23.9, 19.0, 13.5, 13.4. 18.1. 16.2. 14.9, 13.8, -3,9. -4,4. -4.6. -4.9; 
FAB HRMS (NBA/CsI) m/tf 852-3451. M + Cs^ calcd for Cj9H6»- 
NOsSSii 852.3489. 

Ketone 69. To/a solution of aldehyde 20 (1 .3 g. 4.53 mol) in THF 
-*C20TnL)-at -78 °G was added dropwise lithium tri-fcrr-butoxyaiumi- 
nohydridc (4.98 mL. 1.0 M solution in THF. 4.98 mmol. 1. 1 equiv). 
After 5 min. the reaction mixture was brought up to 0 **C and stirred 
at that temperature for 15 min. before quenching with saturated aqueous 
solution of sodium- potasium tartrate (25 mL). The aqueous phase 
was extracted with ether (3 x 20 mL), and the combined organic layer 
was dried (MgS04), filtered, and concentrated. The crude primary 
alcohol so obtained was dissolved in CH2CI2 (25 mL) and cooled to 0 
"C. EtjN (2 J mL, 15.85 mmol. 3-5 equiv), 4-DMAP (60 mg. 0.09 
mmol, 0.02 equiv). and te/t-bntyldimethyisilyl chloride (2 0 g. 13.59 
nunol. 3.0 equiv) were added. The reaction mixture was allowed to 
stir at 0 **C for 2 h, then at 25 **C for 10 h. MeOH (5 mL) was added, 
and the solvents were removed under reduced pressure. Ether (100 
mL) was added followed by saturated aqueous NHiCl solution (25 mL), 
and the organic phase was separated. The aqueous phase was extracted 
with ether (2 x 50 mL). and the combined organic solution was dried 
(MgSO*). filtered, and concentrated under reduced pressure. Purifica- 
tion by flash column chromatography (silica gel, 5% ether in hexanes) 
provided pure bis(silyl ether) 69 (1.26 g, 70% yield from 20): Rj = 
0.67 (silica gel, 20% ether in hexanes); [al^o -7.3 (c 1.8. CHQj); IR 
(thin film) 2941, 2856. 1701. 1466. 1388. 1252. 1095, 1024, 946, 
832. 775 cm-»; 'H NMR (500 MHz, CDOi) b 4.06 (dd. J = 8.0. 3.0 
Hz, I H. CHOSi). 3.65-3.56 (m, 2 H, CHiOSi). 2.56 (dq. J = 18.5. 
7.0 Hz, I H. CZ/jCHj). 2-46 (dq, J = 18.5, 7.0 Hz, I H, C/Z^CH,). 

I. 56-1.43 (m. 2 H. C/ZzCHiOSi). 1. 1 1 (s. 3 H. QCH,),). 1.04 (s. 3 
H. C(CH3>2). 0.98 (t, y = 7.0 Hz. 3 H, Cf/jCHj). 0.88 (s. 9 H, SiC- 
(CH3)3), 0.87 (s, 9 H, SiC(CHj)3), 0.09 (s. 3 H, Si(CH,)2). 0.04 (s, 3 
H, Si(CH3>i). 0.03 (s. 3 H, Si(CHj)7). 0.02 (s. 3 H, Si(CH3)2); NMR 
(125.7 MHz, CDCI3) 6 215.5. 73.2. 59.9, 52.9, 37.1, 3L4, 25.9. 25.7. 
22,0, 19.8. 18.2. 18.1, 7.6, -4.1, -4.2, -5.4. -5.5; FAB HRMS (NBA) 
mie 403.3075. M + H"^ calcd for C2iH4603Si2 403.3064. 

Tris<silyl ethers) 70 and 71. Aldot Reaction of Ketone 69 %ritb 
Aldehyde 8. A solution of ketone 68 (270 mg, 0.67 mmol. 1.2 equiv) 
in THF (1.5 mL) was added dropwise to a freshly prepared solution of 
LDA (diisopropylamine (94 pL. 0.67 mmol) was added to n-BuLi (0,43 
mL, 1 .6 M solution in hexanes, 0,67 mmol) in 2.5 mL of THF at 0 *'C1 
in THF (2.5 mL) at -78 **C. After being stirred for 15 min at -78 
or- .1 1...;-., ..,,3 allowed to warm to -40 **C over a period of I h. 
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The reaction mixture was cooled to -78 °C, and a solution of aldehyde 
S (244 mg. 0,56 mmol, ! .0 equiv) in THF ( ! .0 mL) was added dropwise. 
The resulting mixture was stirred for 15 min at -78 'C and then 
quenched by dropwise addition of saturated aqueous NHiCl solution 
(2 mL). The aqueous phase was extracted with ether (3x5 mL). and 
the combined organic layer was dried (MgSO*) and concentrated. 
Purification by flash column chromatography (silica gel. 20% ether in 
hexanes) provided a mixture of aldol products 70:71 (354 mg (85%) 
of ca. 3:1 by 'H NMR). Separation of these diastercoisomer^ was 
carried out by preparative thin-layer chromatography (silica gel, 20% 
ether in hexanes). leading to pure 70 (270 mg, 64%) and 71 (84 mg. 
20%). 70: colorless oil; Rf = 0.40 (silica gel. 20% ether in hexanes); 
[al^^D -17.5 (c 0.5, CHCI3); IR (thin film) 3490, 2932, 2873. 
1683. 1463. 1385. 1249, 1089, 840. 775 cm"'; 'H NMR (500 MHz, 
CDCI3) b 6.89 (s. 1 H, SCH=C). 6.44 (s. 1 H, C//-CCH3), 5.12 (dd. 
y = 7.1, 7.0 Hz , 1 H, QCHj)— CWCH:), 4.08 (dd, J = 6,8, 6,5 Hz, 1 

H. (CH3)2CC//OSi). 3.89 (dd. J = 7.6. 2.7 Hz, I H, CH:C/rt)Si), 3.69- 
3.65 (m, 1 H, CH(CH3)C//0H). 3.59 (t, y = 7.5 Hz, 2 H. CH^OSi), 
3.32-3.27 (m. 1 H. C(0)C//(CH3)). i68 (s. 3 H. N-C(CH,)S). 2,30- 
2.19 (m, 2 H. C(CH3)-CHa/2). 2. 10- 1 .90 (m, 2 H, C//2C(CHj)-CH), 

I. 98 (s. 3 H, CH-C(C//3)). 165 (s. 3 H, C(C//3)-CHCH2). 1.80- 
1.46 (m, 5 H). 1.34-1.25 (m, 2 H). 1. 19 (s, 3 H, aCHj)^), 1-07 (s. 3 

H, C(CH3)2). 1. 01 (d. y = 6.8 Hz, 3 H. C)MCHi)\ 0.89 (s, 18 H. 2 x 
SiC(CH3)3), 0.87 (s, 9 H, SiC(CH3)}), 0.81 (d, y = 6.8 Hz, 3 H, CH- 
(CA/j)). 0.10 (s, 3 H. Si(CH3)2). 0,08 (s. 3 H. Si(CH3>i). 0.03 (s. 3 H. 
Si(CH3)2). 0.02 (s, 6 H. Si(CH3)2). -0.0 1 (s. 3 H. Si(CH3)2): '^C NMR 
(125.7 MHz, CDCI3) b 222.0, 164,1, 153.1. 142.4. 136.7. 121.3, 1 18-5, 
114.7. 78.9, 74.7. 74.0, 60.3. 53.8. 41.2, 37.7. 35.9, 32.8, 32,5. 32,2, 
26 0 25.9. 25.8. 25.0, 24.9, 23.5. 22.8, 20.4. 19.0. 18,2, 18.1, 18.0. 
15.2. 13-8, 9.5, -3.8. -4.2, -4.8. -5,1. -5.4; FAB HRMS (NBA/ 
Csl) mIe 970.4620. M + Cs+ calcd for QsHgrNOsSSij 970.4667. 71: 
colorless oil; Rf = 0.33 (silica gel. 20% edier in hexanes); IR (thin 
film) 3490. 2932, 2873. 1683. 1463. 1385. 1249, 1089. 840, 775 
cm-'; 'H NMR (500 MHz, CDCI3) b 6.90 (s, 1 H. SCH-C). 6.44 (s, 
1 H. C//-CCH3). 5.16-5.12 (m. I H. C(CH3)-C«CH2). 4.09-4.05 
(m, 1 H. (CH3)2CC//OSi). 3,65-3.58 (m, 3 H. CH;CKOSi, CH.OSi). 
3.42-3.38 (m. 1 H. CH(CH3)C//OH). 3-24-3.19 (m, 1 H. C(0)- 
C//(CH3)). 2.69 (s, 3 H. N-C(CH3)S). 2.31-2.18 (m, 2 H. 
C(CH3)-CHCTO. 1.98 (s. 3 H. CH-C(C//3)). 1.99-1.88 (m. 2 H, 
CAf2C(CH3)«CH). 1.67 (s, 3 H, C(Cf/3)-CHCHi), 1.55-1,40 (m. 5 
H). 1 .35 - 1 .25 (m, 2 H), 1 .20 (s, 3 H. aCHj)^). 1 . 1 3 (s, 3 H, QCHj).), 

I. 09 (d. J = 7.0 Hz, 3 H. CH(C//3)). 0.95 (d. J = 7.0 Hz, 3 H, CH- 
(Cf/j)), 0-88 (s, 18 H. 2 X SiC(CH3)3). 0-87 (s. 9 H, SiC(CH3)3). 0.10 
(s, 3 H. Si(CH3)2). 0-05 (s, 3 H, Si(CH,>2), 0.04 (s. 3 H. Si(CH,)i), 
0.03 (s, 6 H. Si(CH3)2). -0,01 (s, 3 H. Si(CH3)2); FAB HRMS (NBA) 
mJe 838-5653, M + Cs" calcd for C43H57N03SSi3 838.5691, 

Tetrakis(sUyl ether) 72. Compound 70 (275 mg. 0.33 mmol) was 
dissolved in CH^Ch (5.0 mL). cooled to 0 and treated wiih 2,6- 
lutidine (76 /^L, 0,66 mmol. 2.0 equiv) and fffrt-butyldimethylsilyl 
trifluoromethanesulfonate (88 /4L. 0.39 mmol, 1,2 equiv). After being 
stirred for 2 h at 0 "C. the reaction mixture was quenched with aqueous 
HCl (5 mL, 1 .0 N solution) and the aqueous (^lasc was extracted with 
CHiaj (3x5 mL). The combined organic solution was washed with 
brine (5 mL). dried (MgSO*), and concentrated under reduced pressure. 
Purification by flash column chromatography (silica gel, 3% ether in 
hexanes) provided tetraki«(silyl ether) 72 (300 mg. 96%) as a coloriess 
oil. 72: Rf = 0.56 (silica'gel, 10% ether in hexanes); (al^o - 10.8 (c 
0.5. CHCI3); IR (thin film) 2919. 287Z 1690. 1461, 1384, 1361. 
1249, 1085, 985. 838. 773, 732, 667 cm"'; *H NMR (500 MHz, CDQ,) 
b 6.88 (s, I H. SCH-C), 6-43 (s. I H, C/f-CCHj). 5.13 (dd, y = 7.1. 
7.0 Hz, 1 H. C(CH3)-CHC:H2). 4.08 (dd, J = 6.8. 6.7 Hz, 1 H. (CHjh- 
CCHOSi), 3.89 (dd, J = 7.6, 2.7 Hz. 1 H, CHjCWOSi). 3.77 (dd. J = 
6.7. l.O Hz. 1 H. CH(CH3)CKOSi). 3.67-3,62 (ra. I H. CHzOSi). 
3.58-3-53 (m, 1 H, CH^OSi), 3.14 (dd. J = 6.8. 6.7 Hz, 1 H. C(0)- 
0/(CH,)). 2.68 (s. 3 H. N-C(CH3)S). 2.29-2.17 (m. 2 H, 
C(CH3>-CHCW2). 1-98 (s. 3 H, CH-C(C//3)). 1.97-1.89 (m, 2 H. 
C//2C(CH3)-CH). 1.64 (s. 3 H. C(CA/3)-CHCH2) 1-50-1-45 (m. 5 
H). 1,34-1.23 (m, 2 H), 1.20 (s, 3 H. C{CHM, 1-02 (d. J = 6-8 Hz. 
3 H, CHiCHi)l 1.00 (s. 3 H, C(CH,)2), 0.88-0.86 (nu 39 H. CH- 
(CW3), 4 X SiC(CHj)3), 0.08 (s, 3 H. Si{CHM,^07 (s. 3 H. Si(CH,)2). 
0-04 (s, 3 H. Si(CH3)2). 0,03 (s, 3 H, Si(CH,>2). 0.02 (s. 6 H. Si(CH5)2). 
0.01 (s. 3 H. Si(CH3)2). -0.02 (s. 3 a Si(CHi)2); NMR (125,7 
MHz. CDCl3)<5 218.2. 164.2. 153.2. 142.4. 136.6. 121.5. 118.5. 114.9, 
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78-8. 77.3. 73.9. 60.9, 53.6. 44.9. 38.8. 37.9, 35.2, 32,4. 30.9. 26.2. 
26.1. 25-9. 24.4, 23.4. 19.2. 19.1. 18.5, (8.3, 18.2, 18.1. 17.5. 13.9. 
-3.7. -3.8, -4.a -4.7, -4,9, -5.2. -5.3; FAB HRMS (NBA) mJe 
952.6515. M + H+ caJcd for QiHiotNOsSSu 952.6556. 

AJcohol 73. Alcohol 73 (200 mg. 85%) was obtained from 
compound 72 (264 mg, 0.28 mmol) according to the proccdw 
described above for 35. 73: colorless oil; /?/ = 0.25 (sUica gel, 20% 
ether in hexanes): (aj^o -9.3 (c 0,2, CHaj); ER (thin film) 3392, 
2939. 2865, 1689. 1463, 1378. 1357. 1252. 1083. 988. 867, 835. 772 
730 cm"; 'H NMR (500 MHz, CDQ^) d 6.90 (s, t H. SCH-Q. 6 44 
(s, 1 H. C/^CH3). 5. 14 (dd, / = 7.0. 6.9 Hz . 1 H, C(CH3)-C/fCH2) 
4.10-4.05 (m, 2 H, {CH-ih^CHOSl CHiC/^OSi). 3.78 (dd. 7 = 7 o' 
1.0 Hz. 1 H, CH(CH3)C//OSi). 3.63 (t, y = 7.0 Hz . 2 H. CHtOH) 
3.1 1 (dd, y = 7.0, 6.8 Hz, 1 H. C{0}CH{CH^)\ 2 JO (s. 3 H, N-C- 
(CH3)S). 2:27-2.19 (m, 2 H. C(CH3)-CHC//2). 1.99 (d, 7 = l.O Hz 
3 H. C:H-C(C//,)), 2.10-1.90 (m, 2 H, C//2C(CH3)-CH). 1.65 (s 3 
C(C//3)-CHCH2). 1.50-1.39 (m. 2 H). 1.36-1.29 (m, 3 H). 1.21 
(s. 3 H. C{CU,h), 1.20-1.10 (m. 2 H). 1.05 (s. 3 H, QCHj)^). 1.04 
(d, J = 6.8 Hz. 3 H, CH(C/f,». 0.91-0.87 (m. 30 H, CH{CH,\ 3 x 
SiC(CH3)3). 0.1 1 (s, 3 H. Si(CH3)5). 0.07 (s. 3 H. Si(CH3),). 0.06 (s. 6 
H, S\{Cl{yh\ 0.04 (s. 3 H . Si(CHj>j). -0.0 1 (s, 3 H. Si(CH3)3); 
NMK (125.7 MHz, CDOj) (5 219.5, 164.2. 153.1, 142.4. 136.6 121 5 
1 18.5, 114.8. 78.8, 77.4, 72.9. 60.1. 53.6. 45.8. 44.9. 38.6, 38 2 35 2 
32.4, 30.6. 26,1. 25.9, 24.7, 23.4, 19.1. 18.4, 18.1. 18.0. 17.6. I5.5' 
13.8, -3.7. -3,8, -4,0. -4.7. -5.1; FAB HRMS (NBA/CsI) m/e 
970.4694. M + Cs* calcd for C45Hs7N05SSi3 970.4667. 

Aldehyde 74. Oxidation of Alcohol 73. To a solution of oxalyl 
chloride (54 ,uL, 0.61 mmol. 2.0 equiv) in CH2CI2 (5.0 mL) was added 
dropwisc DMSO (86 1.21 mmol. 4.0 equiv) at -78 X. After the 
mixture was stirred for 15 min at -78 'G, a solution of alcohol 73 
(255 mg. 0.305 mmol. 1.0 equiv) in CH2a2 (2.0 mL) was added 
dropwise at -78 o^ a period of 5 min. The solution was stirred 
at -78 °C for 30 min. and then EtjN (250 /zL. 1 .82 mmol, 6.0 equiv) 
was added. The reaction mixture was allowed to warm to 0 *C over 
a period of 30 min, and then ether (20 mL) was added, followed by 
saturated aqueous NHiCl solution (10 mL). The organic phase was 
separated, and the aqueous ph asp w^s rrrracted with ether (2 x 10 
mL). The combined organic solution was dried (MgSO*), filtered, and 
concentrated under reduced pressure. Purification by flash column 
chromatography (silica gel, 20% ether in hexanes) provided aldehyde 
74 (241 mg. 95%) as a colorless oil. 74: Rf = 0.47 (silica gel 20% 
edier in hexanes); [aj^^o -12.0 (c 0. 1. CTiQi): ER (thin fdm) 2943. 
2849, 1725, 1690. 1461, 1384, 1249. 1079, 985. 832. 773 cm''- 'H 
NMR (500 MHz, CDQj) d 9.74 (m, 1 H, CHO), 6.89 (s. 1 H. SCH^ 
6.43 (s. 1 H. C//-CCH3). 5.14 (dd. y = 7.1, 7.0 Hz 1 h' 
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C(CH3)-C//CH2). 4.48-4.44 (m. I H, {CH^)^QHO%\), 4.07 (dd. J 
= 6-1. 5.3 Hz. I H, CHzC/ZOSi). 3.75 (dd, J = 7.4, l.O Hz. 1 H. CH- 
(CHj)C//OSi). 3.1 1 (dd, J = 7.0, 6.7 Hz. 1 H, C(0)C//(CHj)). 2.69 (s. 
3 H, N-C(CHj)S), 2.50 (ddd. J = 16.6. 4.5. 1.0 Hz, 1 H, CW-CHO). 
2.37 (ddd, J = 16.6. 3.2. 1.0 Hz. I H, C//2CHO), 2.28-2.16 (m. Z H, 
C(CH3)-CHCf/,). 1.97 (s. 3 H. CH-C(CW3)), 1.97-1.89 (m. 2 H, 
C//2C(CH3)-CH), 1.64 (s. 3 H. C(C//3)-CHCHj). 1.50-1.25 (m, 5 
H). 1.22 (s, 3 H. QCHjh). 1.05 (s, 3 H. C{CH,yX 1.01 (d, > = 6.9 
Hz. 3 H, CH(C//3)). 0.89-0.84 (m, 30 H, CH(CW,). 3 x SiQCH^),). 
0.08 (s. 3 H. Si(CH3)2). 0.04 (s. 6 H, Si(CH3)2). 0,03 (s, 3 H. SitCHj).), 
0.02 (s, 3 H. Si(CH3h), -0-02 (s, 3 H. Si(CH3),J; '-^C NMR (125 7 
MHz, CDQ,) 6 218.5.201.0. 164.3. 153.Z 142.7, 136.7. I2l,5 US J 
114.8, 78.9. 77.7, 71.3, 53-4, 45.1. 38.7. 35.3. 32.5 30 7 26 '5 9* 
25.8, 24.1. 23.5, 19.1. 18.7. 18.6, 18.5. 17.7. 15.6. 13.9, -3.6,-3.7." 
-4.1. -4.5, -4.7. -5.0; FAB HRMS (hfBA) mJe 836.5500. M -r 
calcd for C43H8sN03SSi3 836.5535- 

Carboxylic Acid 52. Oxidation of Aldehyde 74. Aldehyde 74 
(224 mg. 0.29 mmol). 'BuOH (5.0 mL). isoburylene (5.0 mL, 2 M 
solution in THF. 10.0 mmol), H2O (1.0 mLX^NaOO: (90 ma. 0,86 
mmol, 3.0 equiv), and NaH2P04 (60 mg. 0.43 mmol. 1.5 equiv) were 
combined and stirred at room temperature for 1 h. The reaction mixture 
was concentrated under reduced pressure, and the residue was subjected 
to flash column chromatography (silica gel, 6% MeOH in CH:C1-) to 
afford carboxylic acid 52 (220 mg, 90%) whose spectroscopic data 
were identical with those exhibited by 52 obtained above. 
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